A. M. A. 


ARCHIVES OF 


Industrial Hygiene 


Occupational Medicine 


EDITORIAL BOARD 


PHILIP DRINKER, Chief Editor 
55 Shattuck Street, Boston 15 


CHRISTOPHER LEGGO, Crockett, Calif. OSCAR A. SANDER, Milwaukee 


H. H. SCHRENK, Pittsburgh 
CHARLES F. SHOOK SR., Toledo 


ROBERT O’CONNER, Boston 


FRANK PRINCI, Cincinnati 
HERBERT E. STOKINGER, Cincinnati 


FEBRUARY 1954 


VOLUME 9 NUMBER 2 


Published Monthly by 


AMERICAN MEDICAL ASSOCIATION 


535 NORTH DEARBORN STREET e@ CHICAGO 10, ILLINOIS 


Entered as Second Class Matter Jan, 4, 1950, at the Postoffice at Chi 
cago, Under the Act of March 3, 1879. Annual Subscription, $8.00 


FABLE OF CONTENTS FIRSE PAGE 


- 

‘ 

and 

a 

i 

; 

ite 


instant 
first aid for 


| snake bite 


...the new and improved 
Saunders’ Snake Bite Kit, 
exclusive with (i), ... 


When a poisonous snake strikes, suction must be applied im 


mediately. Venom must be prevented from spreading through 
the body. The new, improved Saunders’ Snake Bite Kit provides 
instant first aid with the right kind of suction—controlled and 
increased as desired, Easily and quickly administered, by the 
victim alone if necessary. Kit provides everything needed 
for emergency first aid: tourniquet, lancet, ammonia inhalants, 
iodine swabs, adhesive bandages, Saunders’ venom- 

suction pump with two adapters. Write for data. wee 


* Patented 


Meo pronounced EM-ESS-CO 
Medical Supply Company 


Rockford, Illinois - In Canada, it's Safety Supply Co. 


TO HELP YOUR PATIENTS 
AND SAVE YOU TIME 


Booklets on Eyesight 


These pamphlets will answer many of your 
patients’ questions for you. Among the 
titles, you will undoubtedly find topics 
you've had to discuss at length with patient 
after patient taking up time that you could 
have used to treat other patients. Let these 
pamphlets solve that problem for you. 


WHOM SHALL I CONSULT ABOUT 
MY EYES? FF. T. Jung. 8 pages. 15 cents. 


EYES-RIGHT! 
20 cents. 


Audrey McKeever. 16 pages. 


HOW TO SAVE YOUR EYES. 
Bois. 4 pages. 10 cents. 


Cleo Du 


SHOULD YOUR CHILD WEAR GLASS- 
ES? J. Robert Burke. 12 pages. 15 cents. 


CATARACT. 


15 cents. 


Abram B. Bruner. 12 pages. 


CONTACT LENSES. Marguerite Shields. 4 


pages. 10 cents. 


COLOR BLINDNESS. Dean Farnsworth 


and Conrad Berens. 2 pages. 5 cents. 


WHAT TO DO FOR BLIND CHIL- 
DREN. Park Lewis. 26 pages. 15 cents. 


ONE EYE SEES EVERYTHING. Phyllis 
Duke-Elder. 2 pages. 5 cents. 


Keep a supply on hand. Discounts on 
quantity purchases: 100 copies .. . 10%, 
250 copies . . . 50%, 1,000 copies . . . 60%. 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Illinois 


| 
a 


CONTENTS 


Original Articles 


Polonium in Urine of Miners Exposed to Radon PAGE 
Mary Sultzer, M.S., and John B. Hursh, Ph.D., ‘Rochester, N. 


Industrial and Laboratory Evaluation of a Silicone Protective Cream 


Migration of Inorganic Salts in Bone as Measured by Radioactive Lead 
and by Alizarin 


Regina McLean, A.B.; J. Alfred Calhoun, M.D., and Joseph C. Aub, M.D., Boston 113 


Skin Penetration by Diamines of the Benzidine Group 


J. Wister Meigs, M.D.; Louis J. Sciarini, Ph.D., New Haven, Conn., and Walter A. 


Executive Health Programs 


Studies on Phosphorus Intoxication 


Max V. Sigal Jr., Ph.D.; Dorothy J. Buchanan, Ph.D., and C. S, Robinson, Ph.D., 


Dilemma of Official Health Agencies as to Court Appearance 


Aromatic Hydrocarbons 


|. Presence in the Los Angeles Atmosphere and the Carcinogenicity of Atmospheric Extracts 


Paul Kotin, M.D.; Hans L. Falk, Ph.D.; Paul Mader, Ph.D., and Marilyn Thomas, 


Il. Presence in the Particulate Phase of Gasoline-Engine Exhausts and the 
Carcinogenicity of Exhaust Extracts 


Paul Kotin, M.D.; Hans L. Falk, Ph.D., and Marilyn Thomas, B.A., Los Angeles.... 164 


Regular Departments 


Abstracts from Current Literature 


News and Comment 


| 
101 
122 
133 

142 14 

4 3 
148 
7 

153 

4 


AMERICAN MEDICAL ASSOCIATION 
Scientific Publications 


The Journal of the American Medical Association. 
Weekly. Annual Subscription Price, $15.00. 


Quarterly Cumulative Index Medicus. Issued Twice a 
Year. Subscription Price, Calendar year, $20.00. 


A. M. A. Specialty Journals 
Monthly 


A. M. A. Archives of Internal Medicine. Price, $10.00. 
Paul S. Rhoads, M.D., Chief Editor, American 
Medical Association, 535 N. Dearborn St., Chi- 
cago 10. 


A. M. A. Archives of Dermatology and Syphkilology. 
Price, $12.00. Paul A. O'Leary, M.D., Chief Editor, 
102 Second Ave. S.W., Rochester, Minn. 


A. M. A. Archives of Ophthalmology. Price, $12.00. 
Francis Heed Adler, M.D., Chief Editor, 313 S. 
17th St., Philadelphia 5. 


A. M. A. American Journal of Diseases of Children. 
Price, $12.00. Clifford G. Grulee, M.D., Chief Edi- 


A. M. A. Archives of Pathology. Price, $8.00. Gran- 
ville A. Bennett, M.D., Chief Editor, Pathology 
Dept., Univ. of Illinois, 1853 W. Polk St., Chi- 
cago 12. 


A. M. A. Archives of Neurology and Psychiatry. 
Price, $12.00. Tracy J. Putnam, M.D., Chief Editor, 
450 N. Bedford Drive, Beverly Hills, Calif. 


A. M. A. Archives of Otolaryngology. Price, $12.00. 
George M. Coates, M.D., Chief Editor, 1721 Pine 
St., Philadelphia 3. 


A. M. A. Archives of Surgery. Price, $14.00. Walt- 
man Walters, M.D., Chief Editor, American Medi- 


tor, 610 Church St., Evanston, Ill. cal Association, 535 N. Dearborn St., Chicago 10. 


A. M. A. Archives of Industrial Hygiene and Occu- 
pational Medicine. Price, $8.00. Prof. Philip Drinker, 
Chief Editor, Dept. of Industrial Hygiene, Harvard 
University School of Public Health, 55 Shattuck 
St., Boston 15. 


Prices slightly higher in Canada and Foreign countries. Checks, money orders, 
and drafts should be made payable to the American Medical Association, 535 
North Dearborn Street, Chicago 10. 


Instructions to Contributors 


Communications regarding editorial management, subscriptions, reprints, ete., should be ad- 
dressed to Specialty Journals, American Medical Association, 535 North Dearborn Street, Chicago 10. 

Articles, book reviews, and other materials for publication should be addressed to the Chief 
Editor of the Specialty Journal concerned. Articles are accepted for publication on condition 
that they are contributed solely to that journal. 

An original typescript and the first carbon of an article should be provided, and must be double 
or triple spaced on one side of a standard size page, with at least 1-inch margin at each edge. An 
article in English by a foreign author should be accompanied by a draft in the author’s mother 
tongue. Improvised abbreviations should be avoided. 

The maximum illustration space on a journal page is 5 by 8 inches. Original line drawings 
should not exceed 8% by 11 inches. Oversized originals should be photographed and a print sub- 
mitted within the 5 by 8 limits. Prints larger than 5 by 8 inches will be reduced in scale and/or 
cropped, Photomicrographs larger than 5 by 8 inches will be reduced in scale unless portions to be 
cropped are indicated by the author. Any cut-off marks should be made on the margins or mount- 
ings rather than on the illustration itself. Charts and drawings should be in black ink on hard, 
white paper. Lettering must be large enough to permit necessary reduction, Glossy prints of x-rays 
are requested, Paper clips should not be used on prints, since their mark shows in reproduction, 
as does writing on the back of prints with hard lead pencil or stiff pen. Labels should be prepared 
and pasted to the back of each illustration showing its number, the authors name, an abbreviated 
title of the article, and top plainly indicated. Photographs should not be rolled unless too large to 
be sent flat. If mailed flat, protect them with several layers of corrugated board. A rolled photo- 
graph should face outward, Charts and illustrations must have descriptive legends, grouped on 
a separate sheet. Tables must have captions, 

References to the literature should be numbered in the order in which they are referred to in 
the text or listed in alphabetical order without numbers. A chronological arrangement, with all 
entries for a given year alphabetized according to the surname of the first author, may be used if 
preferred. References should be typed on a special page at end of manuscript. They should conform 
to the style of the Quarterly Cumulative Index Medicus, and must include, in the order given, name 
of author, title of article (with subtitle), name of periodical, with volume, page, month—day of 
month if weekly or biweekly—and year. Names of periodicals should be given in full or abbreviated 
exactly as in the Quarterly Cumulative Index Medicus, Reference to books must contain, in the 
order given, name of author, title of book, city of publication, name of publisher, and year of 
publication, Titles of foreign articles, if originally in a generally known Romance or Germanic 
tongue, must either all be in English translation, preferably that used in the Quarterly Cumulative 
Index Medicus subject entries, or all in the original language. Titles in other languages must be 
translated, The author must assume responsibility for the accuracy of foreign titles. 

Matter appearing in the A. M. A. Specialty Journals is covered by copyright, but as a rule no 
objection will be made to its reproduction in a reputable medical journal if proper credit is given. 
However, the reproduction for commercial purposes of articles appearing in the A. M. A. Specialty 
Journals, or in any other publications issued by the Association, will not be permitted. 


AMERICAN MEDICAL ASSOCIATION 


535 North Dearborn Street Chicazo 10 


| 4 


BRAND OF OXYTETRACYCLINE 


“an agent of chore 


nt of a wide range of infections due to 


in the treatme 


d gram-negative bacteria, spirochetes, 


gram-positive an 
rickettsiae, certa 


in large viruses and protozoa 


excellent 
toleration 


Within an hour after oral administra- 
tion in fasting oF non-fasting state, 
effective serum concentrations 
Terramycin may be attained. It is 


gans and tissues an diffuses readily 
through the placental membrane.” 
Immediate evidence of Terramycin’s 


Widely used among patients of all 
ages, this tested broad-spectrum anti- 
biotic is well tolerated."* 


1. Sayer. R. J., et al.: Am. J. M. Se- 221: 256 ( Mar.) 1951. 
a Welch, Ann, New York Acad. Se §3:253 (Sept.) 1950. 
3. Werner. A., et al: proc. Soc. Exper. Biol. & 
74: 261 (June) 1950. 
4. Wolman, B., et al.: Brit. M. J. 1-419 (Feb. 23) 1952. 
5. G.,et al: J. Philadelphia Hosp. 2:6 
(Jan.) 195! 


6. King, E- Q., et al: J.A.M.A. 143:1 (May 1950. 


n convenient oral, parenteral and ophthalmic preparations. 


ATORIES, Brooklyn 6, N. 


PFIZER LABOR 


n, Chas. Pfizer & Co., Inc. 


\ | 
road-spectrum therapy 
clinical advantages A 
rapid 4 
_- absorption 
distribution 
response 


ROEMEVES 


to date” 


A timely publication on the latest developments 
and techniques of Ophthalmology. 


Read clinical reports, original papers by 
foremost authorities . . . book reviews, 
abstracts, news and comment... . 


A special journal for the medical 
profession covering diseases of the 
eye, its relation to general health, 
techniques and corrections . . . 


A.M.A. archives of Ophthalmology 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET © CHICAGO 10, ILLINOIS 


Please enter a subscription to A.M.A. archives ofp OPHTHALMOLOGY for one year. 
[] I enclose $ (] Please bill me 


$12.00 YEARLY $13.00 FOREIGN $12.40 CANADIAN 


Keep “up 


A. M. A. 
of Industrial Hygiene and Occupational Medicine 


VOLUME 9 FEBRUARY 1954 NUMBER 2 


Copyricut, 1954, BY THE AMERICAN MEDICAL ASSOCIATION 


POLONIUM IN URINE OF MINERS EXPOSED TO RADON 


MARY SULTZER, M.S. 
AND 


JOHN B. HURSH, Ph.D. 
ROCHESTER, N. Y. 


’ THE following report measurements are described which show that the con- 
centration of a radon decay product, Po*'’, in the urine of miners chronically 
exposed to high radon concentrations may range from about 2 to 38 ppc of polonium 
per liter, whereas no urinary polonium can be found in the urine of unexposed 
laboratory personnel. These measurements were initiated with the hope that such a 
method might ultimately be of use in monitoring the accumulated previous exposure 
to radon of workers in the uranium and perhaps other mining operations. The need 
for such a monitoring method is testified to by the radon measurements of Holaday 
and his collaborators! performed on uranium mines of the Colorado Plateau and 
yielding results which may be in excess of 110°" curies of radon per liter of mine 
air.* These measurements are generally within the range of air radon levels reported 
for the Schneeberg and Joachimsthal mines, where lung exposure to radon has 
been proposed as an explanation of the higher than average incidence of lung cancer 
among the miners. 

The proposition that chronic exposure to radon levels of the order of 10°" curies 
per liter may result in lung damage has gained credence from the recent calculation 
of Bale.* He, for the first time, directed attention to the probability that the radon 
daughters attached to dust particles of the air would impinge on and be held by 
the moist surfaces of the lung air passages. This action would result in an accumu- 
lation of radioactive daughters up to a level determined by the rate of retention and 
the radioactive half-life of the particular radioactive daughter. Taking this process 
into consideration, the calculated dose rate to the lung may be as much as several 
hundred times greater than the dose rate arrived at by a calculation which takes 
account only of radon in simple equilibrium with its daughters. Assuming a radon 
concentration of 110°" curies per liter, 50% equilibrium concentration of the 
daughter products in the air, and a retention within the bronchial system of 40% 
of the daughter products breathed into the lung, the Bale calculation yields a possible 
dose rate of 226 rem per week to the lung bronchial epithelium. Although this 
calculation is intended to indicate something near an upper limit, it nevertheless 
furnishes general grounds for believing that lung injury might ensue from a chronic 
exposure to radon at this level. 


The material in this paper was submitted to the University of Rochester in partial fulfillment 
of the requirements for the Master of Science degree in Biophysics. 

Mr. Duncan Holaday and his co-workers of the United States Public Health Service collected 
the miners’ urine samples and furnished the data on work histories and urine radon levels. 
* See Table 2 for specific measurements on four mines of this area. 
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The rationale for exploring Po*!’ excretion as a possible rough indicator of 
prior exposure to radon and its daughters derives from the above interpretation of 
the mechanism of radiation exposure to the lung. Referring to the Chart, it is seen 
that the alpha-emitting radon daughters which one would expect to find on the 
dust particles carrying significant amounts of activity would be Ra A and Ra C’. 
Since it is stipulated that at least 99% of the lung dose is contributed by the 
daughters, the problem of finding a cumulative index of exposure resolves itself into 
finding a measure of the amounts of Ra A and Ra C’ that have decayed in the lung. 
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Alpha decay process proceeds horizontally toward the left mi irgin. Beta decay process proceeds 
vertically downward. Energies of the emitted particles are given in mev and are noted near the 
arrows. Half-lives are noted within the circles. 


Fortunately for this purpose Ra C’ decays into Pb*'’, which not only has a long 
physical half-life (22 years) but also is a bone-seeking element and is only slowly 
excreted by the body. Scanty data on the metabolism of lead (Appendix 1) permit 
the estimate that 40% of the lead deposited in the lungs is absorbed into the body 
and that the lead deposited in the bone has an &80-day effective half-life. It is 
therefore reasonable to expect that miners exposed to radon and its daughters would 
accumulate a body burden of Pb*!® roughly indicative of the magnitude of their 
exposure, 
90 
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By referring to the Chart, it can be seen that Po*'® is the “granddaughter” of 
Pb. It is to be expected that the short half-lived intermediate products Bi?’ and 
Po*!® (effective half-life equal to approximately 40 days) will both be in equilibrium 
with the stored Pb#**. Since a larger fraction (about twice as much) of the body 
polonium than of the body lead is excreted via the urine and since polonium may 
be conveniently separated from the other constituents of urine and counted in a low 
background alpha particle counter, analysis of urinary polonium was considered 
the most promising method of estimating the body content of Pb?"’. 


PROCEDURE 


The experiment was divided into two parts: the collecting of data from male students in the 
Atomic Energy Project who have had no known exposure to radon and data from miners in 
Utah who have worked in a radon-containing atmosphere for varying lengths of time. The first 
part consisted in the analysis of 14 urine samples contributed by seven students. Some of the 
specimens were 24-hour collections, while others were for a shorter length of time. A urine 
sample was obtained from each of 23 miners. The samples were single voidings and ranged 
in volume from 105 to 472 ml., with an average volume of 222 ml. 

The procedure for isolating polonium from the urine followed that described by Fink * and 
consisted of digesting the specimen, preparing it in acid solution, and depositing the metal 
on a silver foil. The plating of polonium on silver takes place spontaneously, since polonium 
displaces the less-noble metal. Under the conditions described below, the deposition of polonium 
was essentially complete and relatively rapid. 


The specimens were collected in glass bottles to which an amount of concentrated hydro- 
chloric acid had been added sufficient to provide a final solution of about 0.5 N HCl and to thereby 
ensure negligible loss of polonium on the walls of the container.4 Each sample was shaken well, 
measured volumetrically, and divided evenly between each of two Kjeldahl flasks. One of these 
aliquots (the unspiked sample) was analyzed as it was; the other (the spiked sample) was 
analyzed after a known amount of polonium had been added to it. The Po*!° used to spike the 
one aliquot was shaken vigorously for at least a minute before any of it was pipetted. The samples 
were evaporated by placing them in hot water bath and passing filtered air over them. When 
the samples were nearly dry, they were removed from the bath and were ready for digestion. 
To the dried sample 25 ml. of concentrated nitric acid was slowly added, care being taken to 
avoid excessive foaming. If the reaction seemed to be too active, it was slowed by immersing the 
Kjeldahl flask in cool water. When the foaming subsided, some glass beads were added to prevent 
bumping, and the Kjeldahl flask was heated. Throughout the digestion procedure the mixture 
was swirled occasionally, primarily to get dried portions of the mixture back into solution. 
When the solution became light orange or yellow, 7 ml. of perchloric acid was added and 
heating continued. When the copious white fumes of perchloric acid were seen and the solution 
lost most of its color, the digestion of the sample was complete, and it was allowed to cool. 

The next step was to neutralize the sample. Fifty milliliters of distilled water was added to 
the sample, and the sample was heated until the white precipitate went into solution. A few 
drops of pH indicator were added, and the solution was neutralized with sodium hydroxide 
pellets. A mixture of methyl red and bromthymol blue was used as the indicator for the first 
samples. Later samples were neutralized with the use of phenolphthalein in order to improve 
the endpoint determination. Sufficient 3 N hydrochloric acid was added to the sample to insure 
a minimum of a 0.5 normal acid solution if made up to 100 ml. The volume increased with 0.5 
N HCI until all the precipitate was in solution at a temperature less than 90 C. 

For the plating procedure, Davol baby bottles, from which the bottoms had been cut off, 
were used. A circular plaque cut to fit from 0.007 in. (0.017 cm.) thick silver foil was placed 
over the mouth of the bottle. A 0.068 in. (0.17 cm.) thick neoprene rubber pad of the same 
diameter as the foil was placed over the foil, and a screw cap held the foil and pad in place. 
This arrangement was leak-proof, easy to assemble, and easy to wash after use. The solution 
was quantitatively transferred to the plating column. As a rule (invariably for the miners’ 
samples) the volume of the solution was less than 100 ml. Accordingly, the Kjeldahl flask was 
rinsed with small amounts of distilled water, and the rinsings were used to make the plating 
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column solution to the 100 ml. mark. If the digested urine would not go into solution in a 
volume of 100 ml. or less, as was rarely the case (once in the results reported), the plating 
column was filled up to the 100 ml. mark, and the per cent transferred was gravimetrically 
deiermined. 

The columns were placed in a hot water bath, and electrically driven glass stirring rods were 
provided to stir the sample. Best results were obtained * with a temperature of 90 to 100 C. and 
moderate stirring for a period of 90 minutes. Evaporation from the columns was compensated 
for by adding 5 to 10 cc. of 0.5 N HCl at the half-hour and the hour intervals. All unusual 
incidents were recorded, such as discoloration of the foil or a precipitate seen during the plating 
procedure. Usually the foil appeared as clear and shiny as it was at the beginning of the plating 
procedure. All foils used for the unspiked samples were counted before the plating in order to 
have a background count for the calculation of the milliliter count on low activity foils. Each 
sample also had its own standard which was plated at the same time as the sample. This 
standard was the same known amount of polonium as was used for the spiked aliquot of a sample. 
It was added to a plating column containing 100 cc. of 0.5 N HCl. The standards and therefore 
the spiked samples contained an accurately measured amount which for different sample series 
varied between 10 and 15 suc of added Po®!®, The polonium was obtained from Oak Ridge 
and was assayed and standardized by the Radiation Toxicology Section of the local laboratory. 
The last step before counting the foils was to empty the columns, rinsing them thoroughly 
with tap and distilied water. The foils were removed and allowed to dry at room temperature. 

A Nuclear Measurements low-background proportional counter, Model PC-2, was used for 
counting the foils. The counter has 50% geometry, determined by counting a Bureau of Standards’ 
Ra D, Ra E, and Ra F certified standard. The counter chamber was flushed with commercial- 
grade argon gas for a period of two minutes after introduction of the sample. During the count 
an argon atmosphere was maintained in the chamber by a continuous slow flow. 

For spiked samples, 3,000 counts were collected. This gave a standard deviation for counting 
of less than 2%. The control and the miners’ samples were counted overnight. The minimum 
number of counts collected in an overnight sample was close to 100, giving a standard deviation 
of 10% for the gross count. 


After use, all glassware was rinsed, soaked overnight in a 4.0 N nitric acid solution, and 
washed with a detergent. Finally, it was rinsed with distilled water. At various intervals 
blanks were run on the glassware to test for contamination. The procedure was as described 
above except that distilled water was used for a sample instead of a urine specimen. 


In some preliminary experiments testing the reliability of the method, it was noticed that 
occasionally the silver foils were discolored after plating. In almost all these instances, the 
counting rate of these foils was lower than that of the duplicate controls. In no case did otherwise 
acceptable clear foils have a low counting rate. No standard foils were discolored, 

It has been proposed that low recoveries may be due to interfering ions. Fink finds that 
Fet**, Ca*t, Ca*, and Ag* present in the plating solution reduce recovery. Spectrometric analyses 
of a sample of urine done for us by Dr. L. Steadman of this laboratory revealed that the Fe***, 
Ca**, Ca*, and Ag* were not present in amounts greater than 10-® molar. Many of the urine spec- 
imens had granules in them. Analysis of some granules also showed a negligible amount of the 
above-mentioned ions. The existence of the granules did not seem to be the cause of discoloration, 
since the foils of some samples without granules were discolored and the foil of one of the samples 
of some removed and digested granules was not discolored. Nitric acid is known to discolor foils. 
However, before the completion of the digestion process all the nitric acid was supposedly boiled 
off. Since the cause of the discoloration was not determined and low recoveries seemed to be 
correlated with discoloration, all discolored foils were automatically discarded. 


RESULTS 


The results of the polonium analyses on the control unexposed subjects are 
shown in Table 1. Two samples were collected and measured from each of seven 
subjects. The data make it apparent that the amount of polonium in the urine of 
unexposed subjects is so small as to be indeterminable by the sensitive method used. 
On the other hand, the results of analysis of the urine samples from the miners 
92 


- 
be 


POLONIUM IN URINE OF MINERS EXPOSED TO RADON 


shown in Table 2 are uniformly positive. The first column of the table lists the raw 
experimental courts obtained less background. The lowest feil count, i. e., the count 
associated with Sample 7, is more than seven times the background count for a blank 


TasB_e 1.—Polonium Analysis of Control Urine 


Gross Net 
Sample No. Counts) Min. Counts/ Min. 


0.068 —0.023 
0.129 +-0.088 
0.069 
0.167 +0.076 
0.089 —0.052 
+0.044 
+0.071 
+0.045 
—O.045 
—O.O12 
+-0.053 
+0.085 
—0.005 


TABLE 2.—Polonium Content of Miners’ Urine 


Polonium Content 


Experi- Activity Exposure 
Sample mental Net Dis./Min./ Duration, 
No. Counts/ Min. Litert Yr. Comment* 
13.7 Miners 1 through 6 worked in either one 
33.6 or both of two mines. Range of radon levels: 
57.8 Mine A—&40 to 25,900 
85.2 Mine B--23,800 to 110,000 


Miners 7 through 12, omitting Miner 9, 
worked in Mine © for entire exposure. Range of 
radon levels: 

Mine C—1,500 to 2,500 wpe, 1. 


wr & 


Intermittent work in Mine C plus other mines 


No air radon data 

Miners 17, 16, 14, 20, and 19 have each worked in 
a number of different mines, some of which 
have not been measured for radon. Measured 
mine air radon levels for this group range from 
1,300 to 4,100 

Began work in Mine C; now working m mine 
with radon level of 56,000 pye/l. 


* This information was furnished by Duncan A. Holaday and his collaborators of the United States Publie 
Health Service. 

+ Corrected for decay from date of sample collection, for counter geometry, and for volume of aliquot 
analyzed. 


silver foil. The third column in the table corrects for counting geometry, for decay 
from the date of collection, and adjusts to a total sample volume of 1 liter. 

As has been specified in the description of experimental method, evaluating each 
sample involved three parallel measurements: (1) the activity of a known amount 
of added polonium in 0.5 N HC1; (2) the activity of 50% of the urine sample with 
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2 2.65 66.0 = 
1 1.60 39.6 2 rae 

8 0.77 19.7 a 
10 0.55 22.4 

7 0.38 14.7 

1.54 66.9 

12 1.22 35.9 12 s 

9 1.66 39.1 15 

18 0.39 45 % 

17 1.44 14.3 145 

16 0.59 16.8 
M4 0.75 29.1 9% 
20 0.89 21.8 10 
19 0.78 15.2 14% 

15 0.81 25.4 25 
a 
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an added amount of polonium equal to that used in Measurement 1, and finally (3) 
the activity measured in the remaining 50% of the urine sample. The merit of 
Measurement | is that it provides a running check on the operation of the counter, 
since polonium recoveries from the HC1 solution are essentially quantitative. The 
variations in this measurement include random errors in pipetting from the standard 
polonium solution and any possible inhomogenity in the standard solution due to 
inadequate mixing. Analysis of the data in this respect reveals (a) no systematic 
change in sensitivity of the counters and (b) a standard error for a single measure- 
ment of about + 7%. 

Measurement 2 serves to provide a running check of recovery of polonium from 
urine, and the variations include any losses or contamination associated with the 
digestion and plating processes. Recoveries for the miners’ samples averaged more 
than 95%, with an associated standard error for a single measurement equal to 
+ 8%. As a consequence of the high recovery, no correction for loss has been 
applied to the raw sample counts used as a basis for the data in Table 2. 


COM MENT 


Insofar as the trend of this investigation is toward the discovery of a method 
whereby the radon hazard may be monitored, the broad inquiry may be visualized 
as proceeding in stages. The successful completion of these stages will furnish the 
answer to three questions: 1. Do human subjects exposed to high radon levels 
accumulate a store of Pb?!’ and excrete amounts of urinary Po*'® greater than those 
found in the urine of unexposed subjects? 2. Can the original exposure to radon 
be inferred from measurement of urinary polonium? 3. At what level of urinary 
polonium does the prognosis of lung injury become probable ? 

We present the data reported in this paper as an affirmative answer to the first 
question. In fact, it appears very likely that a substantial fraction of the urinary 
polonium derives from the radon daughter products laid down in the lungs and that 
the lead store is built up in large part by this mechanism. Other natural sources of 
Pb or Po, possibly ingested in food or water, may be dismissed, since negative 
results were obtained on subjects unexposed to radon. However, two other potential 
sources of polonium in the urine must be dealt with. One potential source is ingested 
radium. The miners were working in uranium mines and were therefore, unlike the 
controls, exposed to higher than average natural levels of this element. It may be 
calculated (Appendix IT) that even were the miners to accumulate a maximal per- 
missible body burden of radium,‘ i. e., 0.1 y (regarded as unlikely)? the urinary 
polonium from this source would amount to only 1.8 d./min./day (disintegrations 
per minute per daily urine sample). This amount of urinary polonium is small in 
respect to most of the daily polonium outputs listed in Table 2. 

A second possible source is the accumulation of radon in the miner’s body fat. 
Since the equilibrium coefficient relating radon concentration in the fat to radon 
concentration in the gas phase is high (for olive oil this coefficient is 19), a human 
subject having 10 kg. of fat can “soak up” radon and release a steady stream of 
daughter products from this source. A calculation may be made (Appendix III) 


+ The direct method of analyzing body radium, and perhaps of measuring breath radon, is 
the only satisfactory method of establishing the importance of the aforesaid source as an artifact. 
Opportunities to make such measurements have not been available to us as yet. 
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which estimates that the contribution from this source may amount to as much as 
50% of the urinary polonium. The artifact due to the fat store of radon is believed 
not seriously to impair urinary polonium measurement as a criterion of exposure 
of the lung due to radon, since the amount of urinary polonium derived from the 
fat store is likely || be a constant percentaget of the total polonium output, and an 
approximate correction can be applied, allowing for the body fat of the subject. 

The second stage of the study of this problem will be accomplished when it is 
possible to infer the accumulated radiation dose to the lungs from the measurement 
of urinary polonium. The data presented in this paper contribute very little to the 
elucidation of this problem. The first step would be to show a correlation between 
measured urinary polonium outputs and the miner’s past history of duration of 
exposure and radon levels encountered. Despite the generous action of the Public 
Health group who collected the miners’ samples and made available the pertinent 
mine radon measurements and employment records, it is apparent that the informa- 
tion presented in Table 2 suffers from important limitations. For instance, the 
specification of present radon levels in a particular mine does not necessarily enable 
an estimate of levels in the past, nor is the measurement of levels at selected loca- 
tions sufficient in itself without a time study of the miners’ workday. While we 
believe that the urinary polonium measurements are sufficiently exact, the technique 
of collecting single voidings, although the only feasible method in the circumstances, 
leaves much to be desired from a physiological point of view. Another limitation 
is the small number (a few per cent) of the working miners who were studied. We 
expect this last limitation to be corrected by future extension of this experimental 
method. 

Despite these reasons for expecting rather poor correlation, it may be of interest 
to call attention to certain suggestive relations in the data appearing in Table 2. 
The miners supplying Samples 7 through 12 had been employed in a mine which 
shows a relatively narrow range of radon air levels as measured at different loca- 
tions. With the exception of Sample 7, the lower urinary polonium levels are 
associated with the shorter work histories. Comparing the group of Samples 1 
through 6 (shorter exposure at higher average radon levels) with the group of 
Samples 7 through 12 (longer exposure at lower radon levels), we find roughly the 
same range of urinary polonium concentrations, which perhaps is not surprising if 
the real cumulative exposure is, in fact, comparable for both groups. 

The third stage in the study, i. e., the specification of a urinary polonium level 
prognostic of probable lung injury, must depend on correlation with an extensive 
system of repeated medical examinations of the miners subject to this hazard. Such 
a program is being carried out by the United States Public Health Service, and it 
may well be that information on this score will be available before a complete under- 
standing of the problems presented as Stage 2 is attained. 

The argument in favor of use of urinary polonium as a measure of lung exposure 
to radon and its daughters would be incomplete without presenting a calculation 
predicting urinary levels as a function of exposure drawing on known (or probable) 
fate in the body of the various chemical elements making up the radon decay 
daughters. Such a calculation, presented in detail in Appendix III, predicts that a 
miner exposed 40 hours a week to a radon level of 510° curies per liter will 


¢ This statement is strictly true only if daughter products are in 100% equilibrium with 
radon in mine air. 
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after five years of exposure excrete daily 7.2 pyc of Po*’ (activity equal to 15.9 
d./min.) derived from lung-deposited radon daughters. It is gratifying that the 
calculation predicts urine values within the range of the experimental data listed in 
Table 2. It must be recalled that if the miner's average body fat amounts to 10 liters 
and if the calculation presented in Appendix III is a valid one the total daily urinary 
polonium would amount to about twice the value cited above or something over 
14 pyc of polonium. This value is in much better agreement with the experimental 
results than could be expected, considering the number of debatable assumptions 
that were made in arriving at the calculated results. 


SUMMARY 


1. Concentrations of Po**’, varying from about 2 to 38 pyc per liter have been 
measured in the urine of miners working in the uranium mines of the Colorado 
Plateau. In the case of laboratory personnel used as subjects, no urinary polonium 
could be detected. 

2. The polonium in the miners’ urine is believed to come from Pb*!® stored in 
the bone, which, in turn, is derived about equally from radon daughter products 
deposited in the lung and radon accumulations in the body fat (10 kg. of fat). 

3. It is suggested that urinary polonium measurement may prove to be a method 
of estimating the integrated exposure of the lungs to radon and its daughters. 

4. It is demonstrated that, even though body burdens of radium equal to the 
maximal permissible level are accumulated by uranium miners, this amount of 
radium would contribute a negligible amount of polonium in the urine. 


5. With the use of probable values for the fate in the body of the chemical 
elements in the radon decay scheme, the miners’ daily urinary polonium output has 


been calculated and has been found to be within the range of the reported experi- 
mental values. 


APPENDLX I 
CALCULATION oF Exprectep Darty Excretion oF PoLonruM DERIVED FROM 
LLUNG-ACCUMULATED RADON DAUGHTERS 

Since the calculation rests on the interpretation and, to a degree, the arbitrary choice of 
pertinent biological data, the particular assumptions used and the justification for their use 


appear in the following list : 


Assumption 
1. An average mine radon level of 5 x 10° = 1 
curies per liter of air. 


Justification 

. Regarded as a conservatively low estimate 
in view of Holaday’s results given in 
Table 2. 

2. The working miner ventilates at a rate of 2. See Reference 4. 
20 liters per minute. 

3. Radium A, radium B, and radium C (and 3. Range of values measured in uranium mines 
therefore radium C’) each exist in the mine given in Reference 1. 
air at radioactive concentrations equal to 
80% of the radon concentration. 

4. Forty per cent of the inhaled daughter 4. A compromise between the human retention 
product particles are retained in the lungs. data of Harley ® at 50% and of Shapiro? 

at 25%. 

5. The retained radon daughters, radium A 5. Arbitrary. 

through radium C’, decay to lead in the 

lungs 


POLONIUM IN 


6. 


URINE OF 


(a) Twenty per cent of the lead deposited 
in the lung is absorbed through the lungs 
and (b) an additional 25% of the lead swal- 
lowed is absorbed through the intestine. 
Therefore, 40% of the lead deposited in the 
lung finds its way into the circulation. 


The biological half-life of lead taken as 
990 days, implying an effective half-life of 
880 days. 


Polonium excreted in the urine equals 
0.13% of body content per day. 


MINERS EXPOSED 


TO RADON 


6. (a) Mortensen § finds that 16 to 23% of lead 


(tetraethyl lead fumes) reaching the lung is 
absorbed through lung epithelium. Aub and 
associates ® find that 10% of lung-deposited 
lead carbonate is absorbed through the lung 
in 24 hours. (b) Murer and Crandall ° 
find in rats an absorption of 27% of the 
lead ingested. 


. Calculated from the normal lead body con- 


tent of an adult human taken as 125 mg. and 
at a rate of lead exchange of 0.087 mg. per 
day. Loss of Pb in a human subject '! may 
be interpreted to yield a biological half-life 
of 840 days. 


8. Taken from Fink's data on rats. 


A few hours after entering the 5 x 10° curies-per-liter atmosphere of the mine, the subject 


Thus for Ra A§: 


will have accumulated essentially maximum levels of Ra A, Ra B, Ra C, and Ra C’ in his 
lungs. At this time the rate of deposit of the individual radon daughters will be equal to their 
respective decay rates. 


Decay rate = \,Na where 4, = decay constant for Ra A = 0.2275 per minute 
and Na = number of atoms of Ra A in lung 
Rate of deposit, using Assumptions 1, 2, 3, and 4 


— 


5 x 10°° x 0.8 x 0.4 x 20 x 2.22 x 10!" 
7.1 x 10* disintegrations per minute per minute per lung 


= = 3.125 x 105 atoms per minute per lung 


0.2275 


AaNa 


3.12 x 10° atoms per minute 


Na = 1.375 x 108 atoms of Ra A in lung 


Similarly for Ra B: 
Decay rate = AnNw where 


-'. Rate of formation of Ra B = 3.12 x 10° atoms per minute 


Aw = decay constant for Ra B = 6.0259 per minute 
and Nex = number of atoms of Ra B in lung 


Rate of deposit 


(a) from ventilation process 


= 7.1 x 106 d./min./min. per lung 


_ 7.1 x 106 
“0.0259 
(b) from decay of Ra A 


= 3.12 x 105 atoms per minute 


= 2.74 x 10° atoms per minute per lung 


Total rate of deposit = 3.05 x 10® atoms per minute 


— 3:05 x 10" 
“9.0259 


= 1.18 x 108 atoms of Ra B per lung 


.. Rate of formation of Ra C = 3.05 x 10° atoms per minute 


Similarly for Ra C: 
Rate of decay = AcNec where 


Ae = decay constant for Ra C = 0.0352 per minute 


and Ne = number of atoms of Ra C in lung 


§ Ra A formed from radon in the lungs is neglected. 
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Rate of deposit 
(a) from ventilation process 
= 7.1 x 104 d./min./min. per lung 


~~ “0.0352 


(>) from decay of Ra B in lungs 
= 3.05 x 10® atoms per minute 
Total rate of deposit = 5.07 x 10® atoms per minute 


Ne = = 1.44 x 108 atoms 


-. Rate of formation of Ra C’ = 5.07 x 10® atoms per minute 
Because of its very short half-life (= 1.64 x 10° sec.), the accumulation of Ra C’ is negligible, 
and therefore Pb#!° is produced at the rate of 5.07 x 10® atoms per minute. According to Assump- 
tion 5, 40% of the lead is absorbed into the body. Making the further assumption that a miner 
is exposed to the mine atmosphere one-quarter of the total time, the average rate of absorption 
of lead 


= 2.017 x 106 atoms per minute 


= 0.4 x 0.25 x 5.07 x 106 atoms per minute 
= 5.1 x 165 atoms per minute 
If the effective half-life of lead = 880 days, \eff (Pb) = 5.46 x 10°7 mino! and the number 
of atoms of Pb?! in the body at equilibrium 
Jet 
5.46 x 10-7 
if the duration of the exposure be set at five years 


= 9.3 x atoms 


N (S yr.) == 9.3 x 1082 * 10% 2.63 x 1%) 
= 7.0 x 10"! atoms = load of Pb?!° at five years 
The Pb#! in the body is assumed to be in equilibrium with Bi2!’; it is further assumed that 
because of the relatively short half-life of Bit" (five days) and because for the most part it is 
formed in bone a negligible amount of the latter is lost by excretion. 
.. Rate of formation of Bi?!® = rate of formation of Po?! 
= 7.0 x 10" x 6.0 x 10°% (6.0 x 10°* per minute = APb for 
radioactive decay ) 


= 4.2 x 104 atoms per minute 
Invoking the effective half-life of Po?!® (== 40 days) and the effective decay constant 
(=< 1.2 x 10° min. '), the body Po 2!" burden may be calculated 


_ 4.2 x 104 
= 40x 10% = 3.5 x 10° atoms 


Since urinary excretion = 0.13% of body content per day, 
Po?!” in urine 
= 13 x 108 x 3.5 x 108 = 4.55 x 10¢ atoms per day 
= 15.9 d./min./days sample 
= 7.2 wuc per days sample 
It is recognized that the above calculation has assumed exposure at a constant level. For 
miners who may in the course of time go from mine to mine, the actual radon level versus the 
time picture is likely to be composed of hills and valleys. It is difficult to predict the effect 
of this on urinary polonium except to note that a late high radon exposure would be weighted 
more heavily by the urinary polonium criterion than was warranted by its contribution to the 
total cumulative radiation of the lung. Periodic urinary polonium studies of miners who had 
“retired” would assist in the evaluation of problems of this sort and would furnish experimental 
evidence for the half-life of lead under these conditions. 


APPENDLX II 


Urinary Potontum Dur to Bopy BurbDEN or 1 & 10°7 oF RADIUM 


By definition the body radium produces 2.22 « 10° atoms of radon per minute. Measurements 
on human subjects !2 show that about 60% of the radon produced is lost in the breath. Since 
the half-lives in question are short, an equilibrium will be established between the radon retained 
in the body and the radon daughters inclusive through Ra C’. One would therefore expect that 
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Ra C’ would decay (and therefore Pb?!° would be formed) at a rate of 88 x 10* atoms per 
minute. Since the radium burden would presumably have. been built up over the years of 
exposure in the mine and since the hypothetical 8.8 « 10* atoms per minute of Pb*!° from 
body radium is calculated on a basis of the burden of 1 x 10°7 curies of radium having been 
attained, an average rate of half the final rate, or about 4.4 x 10* atoms per minute, affords a 
more valid basis for comparison. This figure is to be compared with 5.1 x 10° atoms per minute 
from lung-accumulated radon daughters in the circumstances assumed in Appendix I. 


APPENDIX III 


CALCULATION OF THE Rate oF Propuction or Pp?!® From Fat-Depostrep RADON 


In order to compare the rates of Pb?! production from fat radon deposits and lung-deposited 
radon daughters (as calculated in Appendix I), the same exposure conditions are imposed, i. e., 
a mine air radon concentration of 5 « 10°° curies per liter and a workweek of eight hours 
per day for five days followed by two days off. The maximum radon accumulation in the body 
fat for continuous exposure is made equal to the product of the average fat volume of a human 
subject taken as 10 liters !3 times the radon content per liter of air times the volume distribution 
coefficient of radon per milliliter of fat to radon per milliliter of air equal to 19. The latter 
value has been determined for olive oil at 37 C.1* and is employed in this calculation as a 
reasonable approximation. Since the mine air is set at 5 « 10°° curies per liter, the total radon 
in fat becomes 9.5 « 10°7 curies for continual exposure. 

Since an intermittent exposure has been specified as one of the conditions of the calculation, 
it is necessary to take into account the rates of accumulation and loss of radon in the fat. 
Hardin Jones '5 has found that the amount of inert gases present at any time (f) after loading 
the body and then removing the subject to an atmosphere free of the inert gas being studied can 
be expressed in an equation as 

Ce = Ae™ t + + Ce Mt + De Mt + 
where C+ equals the total amount of gas remaining in the body, 4, B, C, ), and FE being the 
amount present in body “compartments” differing in their average circulation rate and conse- 
quently in the time constant and » denoting the rate of loss. 

Since the body fat at radon saturation contains 95% of the total radon in the body, the 
other body compartments may be neglected and attention focused on the last member of the 
equation. The rate constant, As, for fat may be calculated according to the general method used 
by Jones !° as equal to 3.4 x 10°* per minute. On physiological grounds it is to be expected 
that the same constant would govern both loss and accumulation. With the employment of this 
assumption, the radon in fat may be calculated and plotted as per cent of the saturation amount 
for the weekly exposure time sequence assumed. If this is carried out for two successive weekly 
sequences, equilibrium levels can be demonstrated, the total area for the second weekly sequence 
can be measured, and an average per cent saturation can be calculated. For the conditions set 
up for this problem, it has been calculated that at “equilibrium” the body fat contains 22% of 
the saturation amount of radon, or 2.09 % 10°7 curies. It is assumed that the short half-life 
daughters between Rn and Pb?!° are not excreted to any extent and therefore that transient 
equilibrium conditions will occur. If this is the case, the production of Pb#!° from fat radon will be 

2.07 x 10°77 x 2.22 x 10'* = 4.6 x 10° atoms per minute 
This may be compared with 5.1 »% 10° atoms per minute, the rate of production of Pb*!° from 
lung-accumulated radon daughters. 
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INDUSTRIAL AND LABORATORY EVALUATION OF A 
SILICONE PROTECTIVE CREAM 


RAYMOND R. SUSKIND, M.D. 
CINCINNATI 


URING the past few years the protective value of ointments and creams against 

irritants, sensitizers, and other substances potentially hazardous to the skin 
has been questioned seriously. There is general agreement about the need for 
effective chemical repellents which may be applied safely to the worker’s skin. For 
the physician who wishes to prescribe a protective cream or the hygienist who 
requires one in a specific industrial operation, there is little to guide him in his 
choice. Although there are scores of “protective’’ formulations marketed in the 
United States, there are few reports in the American medical literature of systematic 
clinical and laboratory evaluations of these formulations. It would appear therefore 
that if progress is to be made in the field the findings of such studies should be 
disseminated in the public interest and should be available to the physician. An 
appraisal of a new cream formulation in which a silicone fluid of the polymerized 
methyl siloxane type is incorporated is now in progress and is the subject of this 
report. 

Silicone fluids which may be employed in cutaneous protectants have a wide 
variety of applications in industry as lubricants, hydraulic fluids, dielectrics, anti- 
foaming agents, and as coating and impregnating agents to make materials resistant 
to water and other chemicals. Toxicological studies * with laboratory animals of a 
variety of silicone fluids indicate that the silicones as a class are very low in toxicity. 
In a review of the possible medical applications of silicone fluids, Barondes and asso- 
ciates * predicted, “on account of their stability, durability, flexibility and wide range 


in viscosity of water-white material, and showing water repellency, nontoxicity, 
high resistance to heat and cold, and being unaffected by moisture and the usual 
chemicals, the silicones should find extensive use as a body protective to irritating, 
noxious and toxic agents.” 


Observations on the use of an ointment containing 30% silicone (Dow-Corning 
“200”) in a petrolatum base for a variety of dermatological problems in which 
cutaneous irritation resulting from drainage, excreta, and maceration sources was 
present were briefly reported by Talbot and associates.* The usefulness of a silicone- 
bentonite mixture (Pro-derna)* in the effective management of allergic dermatoses 
in industry has been demonstrated.’ | have reported on patients with proved 

From the Kettering Laboratory in the Department of Preventive Medicine and Industrial 
Health, University of Cincinnati College of Medicine. 

Read before the Section on Preventive and Industrial Medicine and Public Health at the 
102d Annual Meeting of the American Medical Association, New York, June 3, 1953. 
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allergic contact dermatitis of the hands to such widely different substances as a 
vater-soluble coolant in a machine shop and several drug contactants in a pharma- 
ceutical plant; these persons were returned to their jobs and with the help of the 
silicone-bentonite cream were able to continue in the same work exposure without 
recurrence of their symptoms. 

The essential objectives of the present appraisal of the silicone formulation 
were (1) to determine the clinical protection afforded by the formulation when it is 
applied to the skin of persons who are exposed to substances which are potentially 
hazardous to the skin; (2) to determine the deleterious effects, if any, of the silicone 
cream when it is used repeatedly on human skin, and (3) to determine the stability 
characteristics of this formulation by in vitro tests. 


I, 


CLINICAL 


APPRAISAL 
A. 

A cream containing 52.5% of silicone fluid (Dow-Corning “200-350 centistokes 
at 25 C.) in a bentonite base was made available to selected groups of workers in 
several large manufacturing plants. The groups were chosen on the basis of the 


METHODS AND MATERIALS 


fact that they were exposed periodically or continually to substances which were 
suspected of being hazardous to the skin, e.g., irritants, sensitizers, defatting 
materials, substances which cause folliculitis, etc. 

This section of the report will concern itself with observations made on five 
groups of persons in an aircraft engine manufacturing plant who used the formula- 
tion for three months or longer. The formulation was made available to 146 persons 
in this plant who were instructed individually in the manner of application and 
removal of the cream. Information was obtained from each subject concerning (1) 
previous history of cutaneous eruption; (2) development of eruption on present 
job; (3) previous use of “protective creams” and cleansers, and (4) specific opera- 
tion and all its possible cutaneous contactants. 

Each subject was observed at his work prior to the use of the cream to obtain 
additional information regarding the type and extent of his occupational exposure 
to contact with materials which might injure his skin. After the initial examination, 
each subject was questioned about the use of the cream, and his skin was examined 
at intervals of one month over the period of three months. During each reexamina- 
tion the user was asked his opinion of the applicability and effectiveness of the 
cream. 

The replacement supply of cream was kept by the foreman of each group, who 
distributed the material to workers on request. A detergent cake containing sodium 
lauryl sulfoacetate (Lowila)’ was distributed to each subject for cleansing the skin 
before the application of the cream and for its removal. 

The users were instructed to apply the cream as a thin film to the freshly 
cleansed, dry skin of the hands and other exposed surfaces, wiping the excess off 
with a clean towel or wiping rag so that the remaining film did not leave a tacky 
feeling. They were instructed to apply the cream at least twice during a work shift 
or more often if necessary, e. g., at the beginning of each shift (removing it prior 
to lunch) and on returning to work after lunch. The users were instructed to 
remove the cream before leaving the plant at the end of work. 
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B. Types or CuTangeous Exposures 

The chetnical substances and number of exposed persons who were provided 
with the cream are listed in Table 1. The number of workers who indicated that 
skin changes had developed at Gne time or another on the current job a3 well as 
the number in each department who upon initial examination manifested abnormal 
skin findings are also recorded. The major contactant exposures from which there 
were multiple cutaneous complaints were rust preventives in petroleum oils, degreas- 
ing solvents, aircraft fuels, soluble machine tool coolants, cutting oils, and kerosene. 


TABLE 1.—Distribution and Use of Silicone Cream in Relation to Cutaneous 
Contactants in Five Departments of Plant A 


Workers Workers 
Who Workers with 


No. of Used with Eruptions Workers Who 
Workers Cream History of Prior to Showed Improve- 
to Whom Regu- Cutaneous Use of ment Following 

larly or Com- Cream Use of Cream 


Type of Contactants Available cally on Job Exam.) No. 
Several rust preventives of unknown formula- ) 
tion in oily vehicles 
Corrosion inhibitor containing phenylethanol- 
amine in a petroleum oil \ 
Light turbine oils | 
Degreasing solvents: Stoddard solvent, petro- 
leum spirits 
Aircraft engine fuels 
Phenylethanolamine corrosion inhibitor 
Light turbine oil 
Heavy naphtha type solvent for degreasing 
Xylene 
Laequers 
Metal alloys 
Soluble machine tool ecoolants—3 different 
kinds 2 
Insoluble cutting oils—6 different kinds 
Insoluble cutting oils 5 6 
Soluble coolants, used occasionally (4 from NaeSiOs 
Sodium silicate bath exposure) 
Inspection solutions containing kerosene, iron 
oxide, fluorescent dyes 
Parts cleansing solutions containing synthetic 
detergents 


Total 


The number of workers who showed improvement following use of the cream is 
likewise recorded. 
C. OBSERVATIONS 
The subjects who were chosen to participate in the evaluation program and who 
had eruptions were limited to those with mild to moderate cutaneous findings. The 
few persons with acute or severe symptoms, e. g., marked swelling, erythema, vesic- 
ulation, and oozing, were not included initially, but after subsidence of the acute 


phase of the dermatitis under dermatologic therapy they were put into the test group. 
Prior clinical experience with the formulation as a therapeutic agent for contact 
I 


dermatitis indicated that it had no beneficial effect on acute eczematous contact 
dermatitis but that when employed as a preventive agent after subsidence of the 
inflammatory phase of the dermatitis the benefits were noteworthy. Of the workers 
to whom the cream was made available, 114 were regular or periodic users during 
the test period and constituted the test group in this plant. 
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INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


The results observed following the introduction of the cream are listed in Table 2. 

Department A.—There were 11 cases of dermatitis initially observed in this 
department, one of which was psoriasis of the palms. There were one case of 
hyperkeratosis of the left palm of three years’ duration and one case of folliculitis 
of the hands and forearms. The others consisted of eight cases of mild to moderate 
erythema and scaling of the hands, forearms, and face due to primary irritation. 
The latter eight cases were attributed chiefly to the liberal use of, and contact with, 
a nonmetallic corrosion inhibitor formulation. Some periodic degreasing was done 
by several in this group with Stoddard solvent or petroleum spirits from which mild 
irritation and scaling of the hands and forearms resulted. When this group was 
reexamined after a period of one month had elapsed, it was noted that the eight 
persons who had suffered from dermatitis due to primary irritation from the rust 
preventive and/or degreasing solvents no longer had any complaints. The worker 
who had the hyperkeratotic left palm showed moderate improvement. The case of 
folliculitis of the hands and forearms cleared completely during the first month 


TABLE 2.—Response of Cutaneous Complaints from Specific Contactants to Use of 
Silicone Formulation in Plant A 


Complete 
No. of Preven- Sub- Dermatoses 
Derma- tion of jective Improved, 
Probable Cause of Cutaneous Complaint toses Eruption Failures Benefit % 

Corrosion inhibitors, including phenylethanolamine 4 14 0 a 100 
Degreasing solvents, fuels, xylene (intermittent)... 3 3 i) ab 100 
Kerosene (continual immersion)..............0.s+00e 10 0 10 8 0 
Machine tool insoluble cutting oils................. 4 3 1 ee 76 
Machine tool soluble 7 6 1 
Othere—trauma, psoriasia 2 0 2 


of the regular use of the cream. The psoriasis of the palms which was stimulated 
_ by mechanical trauma of occupational origin did not respond to the regular applica- 
tion of the cream. As of May, 1953—at which time most of the users of the cream 
in Department A had been applying the formulation regularly for eight months— 
there were no cutaneous complaints. 

Department B.—On prior-to-use examinations of the workers to whom the 
formulation was made available, nine persons were observed to have cutaneous 
eruptions on the hands and fingers. Six of these were exposed to the suspected rust 
preventive and/or aircraft fuels, a heavy naphtha solvent, and a turbine oil. One 
was exposed to xylene, one to the naphtha solvent alone, and one to the trauma of 
manipulating uncovered wires. Six of the eruptions were characterized by redness, 
scaling, and dryness, two by redness and vesiculation of the skin of the fingers, and 
one by fissuring of the fingertips. The subject whose fingertips were traumatized 
by handling wire showed no improvement after using the cream for three days and 
discontinued it. The three persons who were intermittently exposed to xylene or 


naphtha were among those whose eruption subsided and did not recur so long as the 
cream was uséd. 


Department C.—Department C was a machine shop in which nine persons had 
dermatological complaints referable to hands and forearms prior to the introduction 
104 


EVALUATION OF A_ SILICONE PROTECTIVE CREAM 
of the cream. These complaints included five eczematous contact eruptions attributed 
to soluble coolants and insoluble oils. There were two complaints of dryness and 
fissuring due to water-soluble coolants and two cases of folliculitis of the forearms, 
in one of which there was also a vesicular eruption of the fingers. The eczematous 
contact eruptions cleared in three subjects following the use of the cream, and the 
one to whom the cream was applied in the acute phase did not respond. The dryness 
and fissuring were reduced considerably in two cases observed in this department. 
An oil folliculitis cleared in one subject following use of the cream ; the other subject 


discontinued the use of insoluble oils and his folliculitis subsequently cleared. 


Department D.—Six of 14 subjects who comprised the test group in this machine 
shop were found initially to have cutaneous eruptions on hands and forearms. Two 
cases were directly attributed to the cutaneous exposure to an insoluble oil which 
was diluted with CCly. Four cases of primary irritation of hands and forearms 
were due to prolonged immersion in a 37.5% aqueous sodium silicate solution. The 
rash caused by the cutting oil-CC1l, mixture subsided completely following the use 
oi the silicone formulation and has not recurred with continued use of the cream. 
The eruption attributed to sodium silicate immersion continued despite the regular 
and conscientious use of the cream by the persons affected. 


Department E.—There were nine workers in this department who complained 
of redness, dryness, and scaling of hands following continual immersion in kerosene 
which an inspection operation entails ( Magnaflux ). One of the nine also complained 
of a mild folliculitis of the forearms. A 10th worker also had a mild folliculitis of the 
forearms and hands. It was the experience of the persons using the cream in this 
department that it was washed off by immersion in the kerosene bath. None of the 
affected personnel were aided measurably by the application of the formulation. 
Six persons in the department, only three of whom presented gross skin changes, 
were of the opinion, however, that skin irritation, dryness, defatting, and scaling 
decreased when the cream was used. 


D. Errect oF ContinuaL APPLICATION TO HUMAN SKIN 


During the five months of observation in the aircraft engine plant, none of the 
users developed any cutaneous evidence of primary irritation or hypersensitivity to 
the silicone cream. Several users reported that the cream resulted in a feeling of 
dryness of the skin. When these subjects were examined, there was no evidence 
of dehydration, scaling, lichenification, or erythema. The sensation of dryness may 
be attributed to the fact that the hands of some persons employing the cream do 
not sweat readily (sweat does not appear to reach the skin surface ). 


A small number of subjects whose major cutaneous exposure was the kerosene 
immersion bath (Department E) developed vesicles which were very superficially 
located in the stratum corneum of the palmar surfaces and sides of the fingers and 
hands after use of the cream. The few subjects in whom this was observed wore 
heavy rubber gloves on the hands to which the cream was applied at the time the 
vesicles appeared. There were no other signs of an inflammatory reaction, and the 
superficial vesicles dried up several hours after the gloves were removed and the 
hands cleansed. Although no cutaneous biopsy specimens were available, the lesions 
had the clinical characteristics of miliaria and were believed to be of sweat retention 


105 


4 
= 
ig 
a 
e 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


origin. Two of the subjects volunteered to a two-week retrial which consisted of 
applying the cream to the hands without using rubber gloves. The vesicular eruption 
did not recur on retrial. 

During the periodic monthly examination, the subjects were asked to express 
their opinions about the cream which was being appraised. Of those who com- 
mented, the majority of persons were of the opinion that the cream kept their hands 
clean. Twenty-eight of the regular users were of the opinion that the skin of the 
hands was “much softer” following repeated use of the formulation. 


Tas_e 3.—Response of Cutaneous Complaints to Silicone Cream in Plant B 
(Survey in Progress) 


Type of Cutaneous Lesions Effectiveness of Silicone 
Contactant Observed Initially Formulation 
1. Water-soluble 1. (a) Eezematous contact derma- 1. (a) Improvement 
coolant titis of hands (b) Improvement 


(b) Rough, “dry,” slightly red, 
sealing skin commonly de- 
scribed as chapping 


2. Insoluble cutting 2. Folliculitis, comedonal acne of 2. Improvement followed use of 
hands, forearms, thighs cream and scrubbing with 
detergent, sodium lauryl 
sulfoacetate (Lowila) 

8. Penetrating dust 3. Dust lodges in cutaneous re- 3. Considerable protection; iron 
from maehining cesses and is difficult to re- dust does not penetrate silicone 
cast fron move from skin by washing omy is easily washed from 

skin 

4. Stoddard solvent, 4. (a) Redness, sealing, burning, 4. (a) Little or no protection when 
used for de- defatting of skin from fre- immersion is frequent 
greasing parts quent immersion of hands (b) Relative protection when im- 
and “washing and forearms mersion is occasional 
hands” (b) Redness, scaling, burning, Decrease in redness, burning, and 

defatting of skin from occa- sealing 
sional immersion 

5. Sulfuric acid fumes 5. Skin irritation of exposed sites 5. Complete protection 
in chemical con- (face, forearms) 
trol laboratory 

6. Laequer thinner 6. (a) Eezematous contact derma- 6. No protection; lacquer thinner 

titis dissolved ereain 
(b) Redness, fissuring, sealing 
of skin of bands 

7. Rust preventive on 7. Dry, fissured, hyperkeratotic 7. Rapid improvement of lesions 
“rust proof nails’ skin, dorsum and palms of 

bands 


Il, CURRENT INDUSTRIAL TRIALS 


The clinical effectiveness of the silicone formulation is currently being appraised 
at a second large industrial plant in which observations have now been under way 
for two months (Plant B). The cream was made available to 92 subjects. Observa- 
tions to date in departments in which cutaneous hazards exist have provided suffi- 
cient information about the clinical effectiveness against specific contactants so that 
they may be reported in preliminary fashion. The major contactant exposures in 
which the silicone cream is being tried, the types of cutaneous reactions observed 
from the contactant, and the general response following the use of the silicone cream 
are listed in Table 3. 


The formulation was also made available to persons engaged in automotive 


mechanical repair work. It was apparent that the silicone cream prevented measur- 
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Plant A Contactants 
Naphtha degreasing solvent.................. 


Insoluble cutting ofl, “Cu 
Cutting oil, ‘Cu 31" with trichloroethylene. . 


Cutting oil—95% “Su” + 5% lard oil........ 


Kerosene inspection immersion (Magnaflux) 
Zyglo inspection 
Sodium silicate 37.5% aqueous................ 


PROTECTIVE 


Amount Removed 


Hr. 
None 
Slight 
Slight 


100% in 
20 min. 
100% in 
20 min. 
Slight 
None 
None 
None 


one 
25% 


None 
None 
None 
None 
100% in 
20 min. 
60% 
None 


6 Hr. 
None 
10% 
Slight 


Slight 
None 
None 
None 


25% 


None 
None 
None 
None 


Slight amount 


CREAM 


TasLe 4.—Stability of Films of Silicone Cream—Immersion Tests 


Appearance of Cream 


1 Hr. 


No change 
No change 
Mottling 


Mottling 
No change 
No change 
No change 
Scattered 
granulation 
No change 
No change 
No change 
No change 


Powdery 
Powdery 
No change 


6 Hr. 
No change 
No ehange 
Mottling 


Mottling 
No change 
No change 
No change 
Seattered 
granulation 


No change 
No change 
No change 
No change 


Powdery 
Powdery 
Slight flaking 


Tasie 5.—Stability of Films of Silicone Cream—Immersion Tests with 
Common Solvents and Detergents 


Toilet bar detergent containing sodium lauryl 
sulfoacetate, 1% 


Commercial laundry soap powder, 1% aqueous 


Heavy duty laundry synthetic detergent 
(sodium alkyl ary] sulfonate), 1% aqueous 


White toilet soap, 1% aqueous............... 


Liquid soap 1% aqueous................ 


Amount Removed 


1 Hr. 
None 
None 


None 
60% 


9% 
100% in 
5 min. 
100% in 
less than 
3 min. 
100% in 
20 min. 
100% 
50% in 
5 min. 
W% 
100% in 
5 min 
100% in 
20 min. 


10% 
None 
10% 
None 


None 


None 
None 


None 


100% 
Very small 
amount 


20% 
Very small 


amount 
None 


Appearance of Cream 
A 


1 Hr. 
No change 


Slight 
mottling 


No change 


Flaky and 
powdery 


Pitting 
No change 


Flaky and 
pitting 


No change 


No change 


6 Hr. 
No change 
Slight 
mottling 
No change 


Slight 
pitting 


Flaky and 
pitting 
Pitting 


4 
' x hig 
- - - 
75% 
15% 4 
Contactants 
|| 
aa 
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ably the lodgment of heavy grease, oils, and automotive “dirt” in the epidermal 
“recesses” of the hands and that consequently the mechanics were able to keep their 
hands clean easily. 


Ill. FILM STABILITY TESTS 


In order to obtain some indication as to what to expect of the film of silicone- 
bentonite cream when exposed to various chemical contactants, a simple laboratory 
method was employed in which films on a standard microslide were immersed for 


Taste 6.—Stability of Films of Silicone Cream—Immersion Tests with Common Irritants 


Amount Removed 


Appearance of Cream 


Aqueous Solutions 1 Hr. 6 Hr. 1 Hr. 6 Hr. 
1% 1% Granulation Small pitting defects 
Commercial thioglycollate (cold wave) 10% 10% No change No change 
Sodium hypochlorite, 6%..............+ None None No change — granulation, 
pitting 
None None No change No change 
ZnCla, saturated, Nome None No change Uniform bubbling of 
film surface 
None None No change No change 
10% 20% Uniform pitting Uniform pitting 
1% 5% Pitting Bubbling of film surface 
Alkalis 
75% Pitted Some areas completely 
remov 
Ca(OH)s, saturated (slaked lime)..... None None No change No chaage 
NHsOH, concentrated ........... None None No change No defects noted 
Organic Substances 
10% 10% Granulation Granulation 
Formalin, 100% .. Little Little Granulation Granulation 
Ethyl acetate .... 75% 75% Granulation Granulation 
Acids 
H280.4, 30% None None No change No defects noted 
HeSO4, 1% 1% 10% — granu- Marked flaking defects 
ation 
bused Very ery Slight granu- Bubbling of film surface 
little little lation 
20% 25% Pitting Flaking off in streaks 
defects 
HNOs, concentrated .......ccecccscsees Very Very Little change Little change 


little 


HNOs, 1% ... 


Little 0% Streaking Streaking defects 
defects 
10% 10% Granular Granular 
less than 
1 min. 


24 hours in substances used in Plant A, as well as in common solvents, detergent 
solutions, and irritants. Wherever possible, an attempt was made to correlate the 
clinical effectiveness of the cream with the in vitro film stability and repellent 
characteristics. 

Method.—The formulation was applied in a uniform thin film to one side only 
of a standard glass microslide. The film-covered slide was then immersed vertically 
in a beaker containing the liquid under investigation, so that the lower half of the 
slide remained immersed and the upper half was above the surface of the liquid. The 
intact film on the upper half of the slide was used as the control to compare with 
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the immersed film when periodic observations were made. The test indicated 
whether or not the film after a given period of immersion would break, disintegrate, 
swell, flake, or dissolve completely. 

Observations were made at the end of 5 and 20 minutes and at the end of 1, 3, 
6, and 24 hours. Space restriction in a published paper does not allow for presenta- 
tion of all the tabulated data. Inasmuch as the most significant observations which 
might be applicable to human exposures are the results following one hour and six 
hours of immersion, those results are presented in Tables 4, 5, and 6. 

In results of the slide tests, it must be emphasized that they provide only an 
approximation of what might happen to a film of the formulation of the same thick- 
ness when it was applied to human skin and immersed in a contactant for given 
periods of time. Some obvious differences between the conditions of the laboratory 
test and the usage exposure might be mentioned as follows: 


1. The glass surface is rigid, smooth, and without the numerous orifices which 
the skin has. The surface of the skin, on the other hand, is flexible, changes in 
contour, and has numerous orifices. 


2. The thickness of the film as applied to the slide is greater than in skin usage. 


3. Under usage conditions, the film is exposed to friction, pressure, and other 
mechanical trauma. The laboratory film is not. 


4. The laboratory film is immersed in the contactant for 24 hours, and change 
in the film is observed periodically. In usage, the exposure is usually intermittent 
and much less rigorous insofar as duration is concerned. 
Iv. COMMENT 
Of 114 users of the silicone formulation in Plant A, 44 persons had cutaneous 
complaints referable to their work contactants. Following the introduction of the 
cream, the dermatitis in 24 of those affected subsided and did not recur during the 
period of use. The types of exposure which were influenced most beneficially were 
the following: (1) irritating corrosion inhibitor dissolved in light turbine oil; (2) 
degreasing solvents, such as xylene and heavy naphtha, when used intermittently 
(there was little effect if contact was continual or frequent) ; (3) lubricating oils, 
and (4) insoluble and soluble cutting oils. 


No benefit was seen when the cream was used to avoid the effects of immersion 
of the hands in kerosene or water glass or of trauma to the skin. The. observations 
on the immersion of the films corroborated the protectant value of the cream 
clinically against the specific corrosion inhibitor in question (rust preventive “R”) 
as well as against light turbine oils and insoluble and soluble cutting oils. The 
formulation appeared to have no protectant value clinically against the cutaneous 
irritation from immersion in sodium silicate. In vitro, the silicone film remained 
intact when immersed in water glass. 

The xylene used at Plant A seemed to have a slightly different effect on the 
stability of the film in vitro than did the laboratory reagent xylene. The latter dis- 
solved the film in five minutes. The former loosened the film slightly at the end 
of one hour, but 90% of it remained on the slide after 24 hours unless the slide was 
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disturbed. The xylene obtained from the plant for testing was slightly colored and 
contained a small amount of light petroleum oil. This might explain the protectant 
ettect in at least two instances against the exposure to xylene in the plant. Relative 
protection was also giver against occasioaal immersion in petroleum spirits in the 
plant, while in the laboratory the film was dissolved by the solvent within 10 minutes. 
The plant supply of petroleum spirits also contained a small amount of mineral oil. 

Despite these results, it would be unwise to rely upon this silicone formulation 
for cutaneous protection in exposures to petroleum fractions of the kerosene boiling 
ranges or fractions with lower boiling ranges when the exposure is more than “just 
occasional” or if the solvent(s) contain(s) little or no oil. 

The films of the silicone formulation are dissolved readily when immersed in 
gasoline and other automotive or aviation fuel mixtures. On the basis of this 
observation, one might predict that the formulation would have little protectant 
value against exposure by immersion in such petroleum fractions and mixtures. The 
same is true in the case of benzene, toluene, xylene, turpentine, acetone, or ethyl 
ether. The film on the glass slide seems relatively unaffected by water or by 1% 
soap solutions for 24 hours or by absolute ethyl alcohol for at least 6 hours. The 
film appears to remain intact for suitable work periods in the presence of aqueous 
solutions of such irritants as sodium hypochlorite, silver nitrate, copper sulfate, zinc 


chloride, sodium sulfite, slaked lime, concentrated ammonium hydroxide, formalin, 
and concentrated sulfuric acid. 


The completed observations on the 114 subjects in Plant A indicate that the 
silicone formulation under study probably has a very low capacity for inducing 
irritation and sensitization of human skin. In addition, 25 clinical cases of contact 
dermatitis, seen in private patients or hospital service cases, were treated with the 
silicone cream following subsidence of their acute reactions. A fraction of the latter 
group was of occupational origin. There was no evidence of irritation or eczema- 
tization produced by the cream. Additional observations for possible cutaneous 
reactions are being continued of 92 subjects in Plant B. 

The most dramatic response of any group occurred in Plant A among the 14 
cases of cutaneous irritation of the hands and face due to a rust preventive. Follow- 
ing the introduction of the cream, the symptoms subsided in every instance, and at 
the end of the three-month trial period the skin irritation problem due to the rust 
preventive was eliminated. In one machine shop of the plant, there were initially 
nine persons who had skin eruptions presumably related to exposure to a variety 
of cutting oils and soluble coolants which were used in that department. The skin 
problems included contact dermatitis, fissuring, and dryness as well as folliculitis. 
Seven of these skin eruptions cleared following the introduction of the cream. The 
skin complaints in 75% of the cases due to cutting oils and in 86% of the cases due 
to soluble coolants subsided following the introduction of the cream protectant. 
There was little or no improvement in cases of skin irritation caused by immersion 
of the hands in kerosene or gasoline. 

It was noted by those engaged in machine-tool operations or assembly-line work 
in which the hands were heavily exposed to grease, dirt, metal dust, etc., that it was 
a relatively simple matter to keep the hands clean when the silicone cream was used. 
It appears that grease and metal particles which usually lodged in the skin recesses 
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were restricted to the surface of the protective film, and when the film was washed 
off the skin, the undesirable grease or metal dusts were washed off with it. 

It is emphasized that the silicone-bentonite cream is not a therapeutic agent but 
a prophylactic measure to limit the contact of a worker's skin to certain specific skin 
irritants, sensitizers, or other harmful agents which will be repelled by the silicone 
formulation. 

Any protective device, such as a cream which provides a relatively repellent 
film for specific substances, must be removable at will. This silicone-bentonite 
formulation is most effective against known contactants if applied twice during a 
work shift. It should be applied at the beginning of the shift to the freshly washed 
but dry skin of the hands, forearms, or other exposed areas; it should be removed 
at lunch time, reapplied on return from lunch, and removed at the end of the work 
shift. A nonirritating, anionic, synthetic detergent is most effective in removing 
the cream rapidly. 


SUMMARY 


The clinical effectiveness of a silicone-bentonite cream as a cutaneous protectant, 
which has been in use in one industrial plant for eight months and in another for 
two months, is described. Observations on the stability or repellent characteristics 
of films of the formulation when immersed in the major contactants of one plant 
and in other common industrial contactants are recorded. 

The formulation under study appears to have considerable protective value 
clinically against light petroleum oils and irritants, such as rust preventives dis- 
solved in such media, and against insoluble cutting oils, soluble coolants, aqueous 
solutions of sulfuric acid, and metallic dusts. 

In vitro films of the formulation appeared to be relatively stable when immersed 
in aqueous solutions of soap, ethyl alcohol, several commonly used irritant salts, 
slaked lime, ammonium hydroxide, formalin, and sulfuric acid. In vitro, the cream 
appears to be relatively unaffected by cutting oils, soluble coolants, light petroleum 
oils, water, and ethylene glycol. 

Relative protection was observed clinically against low boiling point petroleum 
fractions, such as Stoddard solvent and petroleum spirits, when the cutaneous 
exposure was intermittent and when the solvent contained a small amount of light 
petroleum oil. No clinical protection was observed with frequently repeated cutane- 
ous contact with gasoline, naphtha, Stoddard solvent, petroleum spirits, and lacquer 
thinner. No clinical protection was observed against the irritant effects of immersion 
in a sodium silicate solution. 

It is suggested that information obtained from systematic studies of protective 
creams or their equivalents be made available to the physician via published reports 
to guide him in the choice of such protective measures in the control of occupational 
skin disease. 


Assistance was rendered in the clinical section of this study by the following persons: Dr. 
E. F. Buyniski, Mr. Maurice Clay, and Mr. James Keeney, of the General Electric Company 
Aircraft Gas Turbine Division, Lockland, Ohio; Dr. Ervin C. Binstadt and Mr. Kenneth 
Nichols, of the Cincinnati Milling Machine Company; Dr. Donald Cole, of the Department 
of Dermatology and Syphilology, University of Cincinnati College of Medicine, and Miss 
Florence Stutz, of the Kettering Laboratory, Department of Preventive Medicine and Indus- 
trial Health. Miss Mary Louise Eisele rendered technical assistance in the laboratory appraisal. 
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MIGRATION OF INORGANIC SALTS IN BONE AS MEASURED 
BY RADIOACTIVE LEADAND BY ALIZARIN 


REGINA McLEAN, A.B. 
J. ALFRED CALHOUN, 
AND 
JOSEPH C. AUB, M.D. 
BOSTON 


HERE is considerable evidence in the literature which demonstrates a differ- 

ence in the rate of turnover of calcium in bone between trabeculae and cortex 
and in teeth between dentin and enamel. The earlier studies of bone metabolism 
were based on observations on the distribution of such a dye as alizarin, or madder, 
which is selectively deposited with calcium or on measurement of the deposition 
of lead which behaves in the body in a similar fashion to calcium. Natural radioiso- 
topes of lead and radium and, more recently, suitable products of the cyclotron 
have been used as tracers in metabolic studies of both bone and teeth. 


Madder feeding has been used for in vivo staining of bone since the late 16th 
century, and observations of these early investigators are summarized by Cameron ' 
in his review on the staining of calcium and by Aries * in his work on the growth 
of rat femur. Macklin ® stated that the staining agent of madder was probably 
calcium alizarate, and Brooks * described it as a glucoside of alizarin. More recently 
Richter ° has identified the dye extracted from bones stained with ingested madder 
as purpurin-3-carboxylic acid, which his experiments have shown to be the most 
potent dyestuff present in madder. In any case, Brooks found that sodium alizarin 
sulfonate given by mouth, intravenously, or subcutaneously stains only bone that 
has been recently formed or that is formed during the period that dye is in circu- 
lation. Aries obtained satisfactory staining of bone after intraperitoneal injection 
of alizarin red S (#1034). He also made the interesting observation that after 
intravenous injection 2% isotonic solution of this dye was excreted too rapidly to 
permit deposition in ossifying bone. 

Bauer, Aub, and Albright,’ by means of madder feeding, were the first to show 
that bones had an active turnover and that the solid cortex of bone appeared to 
have a slow inorganic salt metabolism whereas the trabeculae acted as a storehouse 
for readily mobilizable calcium. Aub, Robb, and Rossmeisl * found by analysis that 

This is Publication 809 of the Cancer Commission of Harvard University. 

From the Medical Laboratories of the Collis P. Huntington Memorial Hospital of Harvard 
University, at the Massachusetts General Hospital. 

Presented in part by J. A. Calhoun and J. C. Aub before the Scientific Session of the 29th 
Annual Meeting of the American Society for Clinical Investigation, held at Atlantic City, N. J. 
May 3, 1937; abstracted J. Clin. Invest. 16:664, 1937, and by J. C. Aub in a Symposium on 
Bone at the Annual Meeting of the Federation of American Society for Experimental Biology, 
held at Baltimore, March 30-April 1, 1938. 
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for as long as four months after intratracheal injection adult cats had about twice 
the concentration of lead in the trabeculae as was present in the cortex of bone. 

However, both madder feeding and lead deposition are necessarily rough indi- 
cators of relative rates of metabolism of cortex and trabeculae of bone. The con- 
centration of the dye in different areas of bone is limited to visual comparison ; lead 
in bone can contain an unknown fraction from preexperimental ingestion in the diet. 

Radioactive isotopes of elements which have a metabolic activity similar to that 
of calcium permit accurate quantitative measurement of bone metabolism. None 
of the early work on natural radioactive isotopes of lead, measured with the electro- 
scope, was concerned with the partition of lead within bone. Lomholt in 1930 * and 
Behrens and Baumann in 1933 * did show by radioautographs that radium D and 
thorium B are localized in bone for the most part in zones of ossification. 

The data to be presented here demonstrate the localization and migration of 
salts in bone when inert lead or lead tagged with radium D is injected intravenously 
in dogs and when madder is given orally to cats. Bone and tooth samples of dogs 
were accumulated during the course of a study of the absorption and excretion of 
lead and lead tagged with radium D.'' Long bones of cats which had been fed 
madder were part of the material collected in an extensive study of skull changes 
and were made available to us by Dr. Lawrence Baker. 


DISTRIBUTION OF LEAD IN BONE AND TEETH OF DOGS 


It is necessary to summarize the experiments from which this material was 
obtained and which are extensively recorded in the previous paper.'! The dogs 
received multiple doses of tagged or inert lead. Two dogs (Dogs 2 and 4), which 
received the largest amount of radiolead, had three injections over a period of six 
or seven days and died in a few days apparently as a result of the radiation. One 
of these animals (Dog 2) received the tagged lead in a gelatin medium. All the 
others were given lead prepared in their own blood serum. The rest of the series 
received the tagged lead in five or six doses over periods of 12 or 18 days. There 
were two dogs which received inert lead alone in six doses over a period of 15 days. 
The surviving dogs remained on a high calcium intake from 8 to 51 days after the 
lead was injected, and then all received a meat diet low in calcium. Four of these 
animals (Dogs 5, 6, 7, and &) and the two which had received inert lead (Dogs 
11 and 12) were then given parathyroid medication after they had been on low 
calcium diet for about three weeks. Then 10 days later they were returned to high 
calcium intake for a period of 10 days. With these exceptions, all the dogs remained 
on a low calcium diet for the rest of their lives. After injection of tagged lead and 
at the end of the high calcium intake, a single tooth was removed during pento- 
barbital (Nembutal) anesthesia from each of five animals (Dogs 5, 7, 8, 9, and 
10) ; one of these animals (Dog 7) also had a leg amputation, and another (Dog 5) 
had a rib resection with aseptic precautions. The dogs were killed by exsanguination 
under pentobarbital ( Nembutal) anesthesia. At autopsy, samples of bone were taken 
from all animals as well as teeth corresponding to those drawn during life. 

The amount of radioactivity given to all these animals was certainly lethal. Two 
dogs which had received the larger doses of radioactivity died 8 and 26 days after 
their first injection. The others deteriorated gradually. One of them died unex- 


* References 9 and 10. 
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pectedly within 24 hours of a second rib resection; the remaining five were killed 
when death seemed imminent. Deleading medication which we used had no apparent 
effect on survival time. Although all animals treated with radioactive lead died 
within 246 days, the two dogs which received analogous amounts of inert lead were 
killed 22 months after injection in apparent good health. 


ANALYTICAL METHODS 


Determination of the tagged lead was based on measurement of radium E in equilibrium 
with radium D.1! Inert lead was determined by precipitation with hydrogen sulfide in a modi- 
fication of the method described by Fairhall and Keenan.!* + 


PREPARATION OF MATERIAL 


The cleaned long bones were sawed longitudinally, immersed in up to 0.5% trypsin in N/16 
sodium bicarbonate, and kept at 37 C. with frequent changes of solution. When the marrow was 
well digested, the bones were washed with distilled water and then dried. 

Teeth, removed by extraction (usually individual molars), were split along their long axes 
by a very thin saw on a dental drill. Postmortem specimens were obtained by removing a section 
of the jaw which contained the tooth corresponding to the one extracted during life and part of 
the tooth on each side of it. This section of jaw and teeth was split in the same fashion as the 
extracted tooth. During trypsin digestion the adjacent tooth quarterings fell away but the 
comparison tooth halves remained fixed in the section of the jaw. 

Radioautographs of split long bones and teeth were made before determination of the radio- 
activity by the electroscope. The bones were mounted on cellophane and superimposed on two 
x-ray films so that one film could be removed without disturbing that adjacent to the bone. 
After a selected time interval the lower x-ray film was removed and developed for the radio- 
autograph, The remaining film was exposed to an extremely small amount of low voltage x-rays 
in order to outline the position of the radioactivity in the bone. 

After radioautographs were made, trabeculae were removed from the bones, and cross sec- 
tions of cortex were taken from the midshaft region of the long bones and from the cortex of 
jaws in areas adjacent to the tooth specimens. Teeth were separated into dentin and enamel by 
powdering and flotation.'* All samples were dried, weighed, dissolved in hydrochloric acid, and 
transferred to Petri dishes for measurement as described in the preceding paper."! 


RESULTS 

There is little difference in calcium concentration per gram between whole end 
of bone and shaft among the three animals (Table 1). Chemical analyses: of a 
humerus from two dogs (Dogs 11 and 12) which received inert lead and from one 
(Dog 6) which received tagged lead (Table 1) show a difference in total lead 
storage between the two control dogs and a similarity between one control dog 
(Dog 12) and the radioactive lead dog (Dog 6). There is twice as great a con- 
centration of total lead in the head of the bone as is present in the shaft in Dog 11, 
and this differential is apparently absent in Dogs 12 and 6. Separate analysis of 
trabeculae from the head of the bone of Dog 6 shows two and one-half times as 
much lead concentrated in this site as is present in the shaft. Radioactivity measure- 
ments of tagged lead of the other humerus of Dog 6 show that tagged lead represents 
about one-fourth of the total lead found by chemical analyses in trabeculae and 
about one-eighth of that found in the shaft (Table 2). 

At death the trabeculae: cortex lead concentration ratio varied from 5 to 16 in 
long bones (Tables 2 and 3). The storage of tagged lead in trabeculae varied some- 
what in different long bones in the same animal (Table 3), and the storage pattern 


+Dr. Lawrence T. Fairhall assisted in making the analyses of inert lead. 
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Taste 1.—Comparison of Calcium and Lead Distribution in Humeri of Two Dogs Injected 
with Inert Lead and One Which Received Tagged Lead 
(Per Gram of Dried Bone) 


Injection Caleium Lead 
In Days * Mg. Pb/Ke. 
“~~ 4 ft, 


—, “Head,t Shaft, “Head,t Sha 
Survival Deleading Inert Gm. Gm. Meg. Me 
678 52-406 2.7 eee 6.231 0.256 0.235 0.135 

671 46-400 19 Sex 0.239 0.258 0.106 0.106 

246 63-90 oss 0.2163 0.238 0.096 0.113 


* From first lead injection. 


+ “Head” of bone represents the upper end of humerus, without distinction between trabeculae and cortex: 


in Dog 11--3.5 em. of bone 17 em. long; in Dog 12—2.3 em. of bone 16 em. long, and in Dog 6—4 em. of bone 
13.2 em. long. 


t Removal of trabeculae for separate analysis involved some loss. Trabeculae of Dog 6—0.201 gm. Ca per 
gram; 0,282 ng. Pb per gram; Lead Ratio Trabeculae 


Shaft” 


Tas_e 2.—Storage of Lead Tagged with Radiolead in Bone and Teeth * 
(Milligrams of Lead per Gram of Dried Bone or Dentin) 


Ratio 
+ Long Bones ¢ Trabeculae 

Me. 10°!" Trabeculae Cortex Cortex Trabeculae Dentin 

22 0.141 0.012 118 

0.008 0.0005 

06 0.052 0.007 0.085 
0.2 0.065 0.013 
02 0.089 0.007 56 0.083 
0.2 0.014 0.001 0.010 
0.2 0.006 0.001 0.016 
142 125-1348 4 0.2 0.016 0.002 : 0.008 


* Dogs 2, 4, and 5 found dead, Dog 5, in poor health, was dead 24 hours after operation. 
+ From first lead injeetion. 

t Dogs 2 and 6, humerus; others, femur. 

Ammonium ehloride—.5 gm, twice daily. 


Taste 3.—Comparative Storage of Lead Tagged with Radiolead in Bones of Dog 2 
(Milligrams of Lead per Gram of Dried Bone) 


Ratio 
Trabeculae 


Trabeculae Cortex Cortex 
0.057 0.009 6.3 
0.099 0.010 99 
0.128 0.008 16 
0.141 0.012 11.8 
0.119 0.008 “49 


6.109 0.009 11.8 


TABLE 4.—Deposition and Migration of Lead in Bone 
(Milligrams per Gram of Dried Bone) 


Time After 
Lead 
Injection 

Bone in Days Trabeculae Cortex Whole Bone 
Radius-ulna 27 0.011 0.001 
179 0.017 0.003 ovece 
Rib 39 0.060 
136* evese 0.079 


* Animal found dead 24 hours after this operation. 
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for jaw and long hones was not the same for different dogs (Table 2). Tagged lead 
in cortex varied within much narrower absolute limits, and storage in dentin was 
always less than that in the cortex of the long bone of the same animal. There was 
no detectable radioactive lead storage in tooth enamel by our methods. 

ive of the animals which survived four to eight months received the same 
amount of radiolead with varying amounts of inert lead. The tagged lead stored in 
both trabeculae and cortex of long bone was roughly proportional to the total lead 
injected. 


Taste 5.—Deposition of Lead in Teeth at Various Intervals After Injection and at Death 


(Milligrams of Lead per Gram of Dentin) 


Time After 
Dog, Lead Injection 
in Days 


Dentin 


0.008 


00008 


Fig. 1—Left, distribution of tagged lead in teeth 


exposure, 


Right, radicoautograph after seven days’ 


From extensive data on excretion and from analyses of viscera at death it can 
he concluded that about one-third of the lead given to Dog 5 and about one-fifth 
of that given to Dog 6 remained stored in the skeleton. If one negleets the lead 
removed from the skeleton of Dog 7 by amputation, about one-fourth of the injected 
lead would have remained in the body. That the deposition of lead in bones cannot 
be accurately predicted on the basis of either radioactive or total lead injected can 
he seen by comparing Dogs 5, 6, and 7 in Table 2. Dog 2 accumulated as much lead 
in trabeculae of long bone in eight days as other animals did in more than four 
months, which implies how rapid may be the accumulation in trabeculae following 
intravenous injections. However, the experimental procedure was not quite com- 


parable, for Dog 2 was the only one which received the lead in a gelatin medium. 
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However, comparison of bone removed from two animals during life with 
samples taken at autopsy show a measurable increase in deposition of lead with 
time (Table 4). After the original bone samples (rib or radius and ulna) were 


taken, both animals received parathyroid medication, Since this therapy did not 


increase lead excretion, it is not probable that it had any etfect upon the distribu- 
tion of this element in bone. 

Deposition of lead in dentin is roughly proportional to inert lead dosage. It is 
increased somewhat with time, as shown in four of five cases in which teeth drawn 


Fig. 2.—Left to right, Cat 5 killed immediately after madder feeding was finished; Cat & 
killed 10 months after madder feeding was finished; Cat 9 killed 32 months after madder feeding 
was finished, and kitten killed after six weeks of madder feeding. 


during life were compared with postmortem samples (Table 5). Such increases in 
radioactivity associated with these changes in lead concentration in bone and teeth 
are not detectable in the density of radioautographs. 

The radioautographs and x-rays show the expected concentration of radio- 
activity in the trabeculae as compared with cortex of bone. In teeth, the activity is 
concentrated within the root canal and dentin (Fig. 1) and in the trabeculae of the 
surrounding jaw. 
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DISTRIBUTION OF MADDER-STAINED CALCIUM IN BONE IN CATS 


The results of earlier experiments ® with madder feeding are confirmed and 
extended by the pink coloration shown in the long bones of six cats and a kitten. 

The diet for this series of animals was cooked horse meat and powdered milk 
dissolved in water, with a cod liver oil supplement for the first eight months of 
life. When madder was fed, 1.5 gm. was mixed with the daily meat ration. 

All the adult animals were fed madder for 7- to 10-month periods, Three cats 
(Cats 5, 12, and 13) were killed at the end of the madder feeding ; two others (Cats 
7 and &) were killed 10 months later, and one (Cat 9) was allowed to survive 32 
months after madder feeding. Bones were split, digested in trypsin, and stored in 
1% sodium bicarbonate solution. 

RESULTS 

There is a clear-cut ditference in coloring of these bones (Fig. 2). In animals 
killed the day madder feeding had ceased, the dye appears to be confined almost 
entirely to the trabeculae, while the shafts of the bones remain almost unstained, 
In animals killed some months later, all the trabeculae are a pearly white, while the 
cortex has become stained a deep pink even though no additional madder has been 
given. It is also very interesting that there is no apparent difference in the coloring 
of the cortex 10 and 32 months after madder feeding. 


COMMENT 


Comparison of concentration of lead in head and shaft of long bones of one 
animal which received tagged lead and of two which received inert lead yields no 
evidence of impairment of rate of deposition or transfer of lead in bone by the 
dosage of radioactivity. In fact, the concentration of total lead found in humerus 
and its distribution in head and shaft are the same for the dog which received 
tagged lead and one animal which received inert lead. The other inert lead recipient 
had twice the concentration of lead in the head of the bone as was stored by its 
fellow. Both control dogs lived 14 months longer after lead injections than did the 
dog which received tagged lead. Considering also that tagged lead represents one- 
eighth of the total lead found in the cortex and one-fourth of that found in the 
trabeculae of the humerus of Dog 6, one may conclude that much of the lead found 
in the cortex and less in the trabeculae represent a lifetime accumulation from the 
diet. This imponderable complicates the interpretation of the amount of migration 
of inert lead absorbed experimentally. 

The data presented here indicate that the amount of tagged lead deposited in 
bone and the dentin of teeth varies in a general way with the total lead dosage and 
with time. The concentration of lead is always highest in trabeculae and least in 
dentin, and it varies much less in the cortex than in the trabeculae of different 
bones. In fact, the concentration of lead in trabeculae varied widely in a series of 
bones from a single animal in our study. This is in harmony with Payton’s observa- 
tion '* in his study of growth of madder-stained pig bone in which he found wide 
variation in the rate of growth of long bones of a given animal. There was no 
significant change in concentration of lead in trabeculae or cortex associated with 
parathyroid medication. It is improbable that this medication impaired the deposi- 
tion of lead in the two animals in which bone was removed before medication, since 
there were substantial increases in concentration in comparable samples at autopsy 


(Table 4). 
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The migration of lead from trabeculae to cortex of long bones appears to be 
very slow when measured by increase in concentration in cortex with time, since 
the concentration of lead in trabeculae is 5 to 16 times greater than in cortex. 
Actually the true rate of transfer of lead from trabeculae to cortex must be greater 
than indicated by any increase in concentration in the latter, because the mass of 
cortex of long bone { is so much greater than that of trabeculae. From this point 
of view, the increase in lead concentration in cortex and trabeculae of radius and 
ulna between amputation and death becomes more significant. If mass of cortex 
were only four times that of the trabeculae of these bones, the increase in lead 
concentration in cortex would represent the accumulation of nearly the total amount 
of lead present in the trabeculae at the time of amputation. The increase in lead 
concentration in trabeculae after amputation shows that the rate of absorption of 
lead from the circulation continues to be greater than the rate of transfer of lead 
from trabeculae to cortex. 

The difference in behavior between lead and alizarin as indicators of calcium 
activity in bone is due primarily to the difference in their excretion rates. Metabolic 
data on dogs of this series show that lead excretion for five-day periods had decreased 
to 1% of stored lead three months after injection. Thus lead mobilized with calcium 
from bone would still be available to participate again in calcium deposition. When 
madder feeding was stopped some time before death, the pearly white trabeculae 
found in the long bones of cats might be expected solely from the rapid excretion 
of alizarin by the kidney. The deep staining of the shafts of these bones compared 
with those of cats killed immediately after madder feeding indicates a significant 
rate of transport from trabeculae to cortex. Since there is no demonstrable differ- 
ence in staining of these bones with 10 and 32 months’ survival after madder 
feeding, one may assume that they indicate negligible transport of calcium from 
cortex to trabeculae and cortex to circulating blood. 

Alizarin appears to be the more sensitive indicator of calcium transport from 
trabeculae to blood. Both indicators show significant transport of calcium irom 
trabeculae to cortex, and alizarin demonstrates the relatively fixed state of calcium 
in the shaft of long bones. 
CONCLUSIONS 
Comparison of total lead in humerus of dogs which received inert lead with one 
which received tagged lead shows no real difference in total lead stored. When 
compared with radioactivity measurements of tagged lead, it appears that lifetime 
dietary accumulation of total lead is a factor in the distribution ratios between 
trabeculae and cortex. 

Although all concentrations of radioactivity were eventually lethal, it is unlikely 
that distribution of lead in bones and teeth was seriously impaired by intravenously 
administered injections of concentrations of radiolead of 0.2 to 0.6 * 10° me. per 
kilogram of body weight. 

The amount of tagged lead deposited in bone and dentin is roughly dependent 
on the total lead dosage. 

The concentration of tagged lead in trabeculae of long bone is 5 to 16 times that 
of the cortex, but the mass of cortex is much greater. 


t The weight of the trabeculae of the head of the humerus of Dog 6 was less than 10% of 
the total weight of the bone. 
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Results with alizarin staining indicate exchange of calcium between trabeculae 
and circulating blood and its relative fixation in cortex after transport from 
trabeculae. 

Increase in tagged lead with time in both trabeculae and cortex in a given animal 
indicates continued transport of calcium from trabeculae to cortex and a sustained 
rate of deposition from the circulation to the trabeculae. 
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IE-RTAIN amines are known to penetrate the skin readily. In the case of aniline, 

the rapid production of cyanosis in exposed persons has drawn attention to 
the ease with which this chemical penetrates the intact skin.* Although there is 
evidence that the skin is only a relative barrier to many other substances, such as 
phenol and mercury,’ the quantitative aspects of skin penetration do not appear 
to have received much attention. In occupational health work it is important to 
consider the proportionate part played by the skin as a portal of entry for every 
toxic substance to which workers may be exposed. In the case of benzidine and 
substituted benzidines, evidence presented previously * indicated that skin penetra- 
tion occurred and was quantitatively significant. The present publication offers 
additional evidence as to the extent of such penetration and the conditions influ- 
encing it. 

Our studies have been concerned with the manufacture of benzidine, dichloro- 
benzidine, dianisidine, and o-tolidine. The potential value of accurate information 
about human exposure in manufacture is suggested by reports of an increased 
incidence of bladder tumors among workers manufacturing benzidine.t At the 
present time there are no reports of occupational tumors occurring among workers 
manufacturing the aforementioned three substituted benzidines. None of the pub- 
lished reports attempts to give quantitative data on conditions of exposure or 
worker excretion among men who have developed tumors. As a background to 
the data presented herewith, the following information, most of which is sum- 
marized from our previous publication,’ should be kept in mind: 

1. Workers manufacturing diamines and exposed to the final products excreted measurable 
quantities of these substances in the urine. Urinary concentrations of quinonizable substances 


(expressed as benzidine) ranging from less than 0.003 to as high as 4.0 mg. per liter were 
observed in production workers. 


2. For each worker, the highest urinary concentration of quinonizable substances on a given 
day occurred around the end of his work shift. 


This paper was presented in part at the Annual Meeting of the American Industrial 
Hygiene Association, Los Angeles, April 23, 1953. 

From the Section of Occupational Health, Department of Public Health, Yale University 
School of Medicine. This project was supported in part by a control project grant from the 
National Cancer Institute, National Institutes of Health, Public Health Service. 


* References 1 and 2. 
+ References 4, 5, and 6. 
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3. There was a correlation between the degree of contamination by diamines of a worker's 
glove linings and underclothing and his urinary excretion of these substances. 

4. Application of benzidine and o-tolidine in powdered crystalline form to the unbroken 
human skin was followed by excretion of these substances in the urine within 24 hours. 

5. In the press room of the manufacturing plant, air concentrations of the diamines were 
not high enough to account for the urinary concentrations observed in workers. 


METHODS 


In these studies the method for analysis of air and urine samples described by 
Glassman and Meigs * and a modification of it worked out by Sciarini and Mahew * 
were used to develop most of the data. These methods gave comparable readings 
for equal concentrations of benzidine, dichlorobenzidine, and o-tolidine. Dianisidine 
gave somewhat lower readings for a given concentration than did the other three 
compounds. For urine samples the error thus introduced appeared to be much less 
than the individual daily fluctuations in urinary concentrations and did not influence 
our conclusions. The modified method was used for all determinations of total 
diamines in the urine. They are reported as quinonizable substance expressed as 
benzidine in milligrams per liter. The method of diazotization and coupling was 
used at times to check results with the chloramine-T test.’ Although the chlo- 
ramine-T test provided a relatively simple and rapid technique for studying over-all 
plant exposures, it did not distinguish the individual diamines. To identify specific 
exposures, a chromatographic technique was applied to urine. This technique was 
worked out by one of us * and may be summarized as follows: 


A urine sample known to contain a significant amount of quinonizable substance, usually 
more than 0.100 mg. per liter, is made alkaline with a few drops of 6 N sodium hydroxide 
solution and then extracted with 1.7 its own volume of diethyl ether. The ether is washed 
three times with distilled water and then evaporated to a volume of 1 ml. Five hundredths 
milliliter of ether is spotted 1 cm. from the end of each of two filter paper strips just long 
enough to hang in a 250 ml. glass stoppered graduate. Two similar strips are spotted with a 
standard solution containing 1 mg. per liter each of benzidine, dichlorobenzidine, dianisidine, and 
o-tolidine in ethyl acetate. An unknown and a standard strip are paired and hung in each of 
two graduates containing reagent grade petroleum ether, boiling range 30 to 60 C., to a depth of 
2 cm. Ordinary paper clips are fastened to the bottoms of the strips to act as weights and 
to keep the strips from touching each other. The strips are hung from corks used to stopper 
the graduates tightly. After three hours in the petroleum ether, the strips are dried, and the 
positions of the migrated spots are determined by passing the strips through a 5% solution 
of chloramine-T in a Petri dish, blotting the excess liquid with paper towel, and then passing 
the strips through a 5% solution of acetic acid in a Petri dish. The positions and colors of the 
spots are noted, measured, and recorded rapidly, since the colors fade in 5 to 10 minutes. 
Benzidine forms an orange spot; dichlorobenzidine and o-tolidine form a yellow spot, and 
dianisidine forms a purple spot. The Re values of these substances in petroleum ether are as 
follows: benzidine, 20; dianisidine, 30; 0-tolidine, 40, and dichlorobenzidine, 60. By matching 
the standard and the unknown paper strips, the diamines present in the unknown can be 
identified. 


The plan of study was an extension of that described in our previous publica- 


tion.” Urine specimens were collected from men manufacturing benzidine and sub- 
stituted benzidines, as well as from a number of men doing other work in other 
parts of the plant. All specimens were collected at the end of the work shift. They 
were voided into chemically clean screw-cap bottles of about 200 ml. capacity. All 
employees were instructed how to provide a clean voided specimen. Workers 
manufacturing diamines were trained to take the required daily shower prior to 
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voiding. Air samples were collected and analyzed by representatives of the Bureau 
of Industrial Hygiene, Connecticut State Department of Health, who aided sub- 
stantially in the study by making available their findings. 


RESULTS 


The results presented here are summarized from data collected periodically 
from 1948 through 1953. The principal study periods for urinary excretion were 
June 5 to 16 and Dec. 1 to 22, 1950, June 23 to 27 and July 9 to 21, 1951, Jan. 7 
to 18 and Aug. 11 to 29, 1952, and Feb. 16 to March 14, 1953. Approximately 
1,150 urine samples were analyzed for content of quinonizable substance. Specimens 
from workers not engaged in the manufacture of benzidine and substituted benzi- 
dines invariably contained less than 0.015 mg. per liter of quinonizable substance 
expressed as benzidine unless some actual exposure had occurred. In several cases, 
the finding of diamines in the urine of a “control” led to discovery of the source 
of his exposure. About 250 “control” specimens were analyzed during the study 
period. There were no indications of interference from other chemicals or of false 
positive tests. The remaining specimens, numbering about 900, were from men 
in the press room. Studies on all urine specimens are summarized to show the 
results of paper chromatography, to illustrate trends of diamine excretion in men 
doing different kinds of work, to show excretion after brief contact with large 
amounts of one of the diamines, and to record differences in diamine excretion 
under different weather conditions. 

In addition, 31 air samples were secured in August and September, 1948, 
February, 1949, June, 1950, and April, 1952, by representatives of the Bureau of 
Industrial Hygiene, Connecticut State Department of Health, and their results 
were reported to us. Analysis of these showed that 26 samples from the press room 
contained a mean of 0.018 + 0,002 mg. of quinonizable substance per cubic meter 
of air, with a range from 0.002 to 0.087 mg. per cubic meter. There were no 
apparent upward or downward trends in air concentrations throughout the test 
period. All five samples from other operating areas contained less than 0.001 mg. 
per cubic meter. 

Paper chromatography was used to find out whether workers exposed to a 
mixture of diamines excreted a comparable mixture in their urine. Chromatography 
showed that there was often an exact correlation. Workers spending part of the 
day making and handling each of several diamines showed appropriate bands on 
the paper strips corresponding to their exposures. This is illustrated in Table 1. 
Chromatographic analysis of samples 17 N, 15 O, and 18 P showed an exact 
correlation with the worker’s exposure history. Samples 10 D and 11 L showed 
the diamines to which the worker was known to have been exposed and another 
to which there was no known exposure. In samples 14 D and 10 K no diamine 
was detected by chromatography, although the chloramine-T test demonstrated 
some quinonizable substances. Sample 15 N produced a spot at the o-tolidine 
position, although the exposure had been to dichlorobenzidine. In sample 17 J, 
chromatography revealed a spot in the o-tolidine position, although there had been 
known exposure to only metaaminophenol and this substance did not give a posi- 
tive test with chloramine-T. The discrepancies in the results did not always mean 
that the method was inaccurate. As will be outlined for sample 10 D, the result 
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permitted us to detect a hidden exposure. This probably explains samples 11 L 
and 17 J also. The results in 15 N (which had the “wrong” spot) may have meant 
hidden exposure or inaccuracy of the method. The spots for dichlorobenzidine and 
o-tolidine were close together on the paper, and even the slightest slowing of the 
dichlorobenzidine spot in ascending the paper strip would bring it to rest in the 
o-tolidine position at the end of the test. 

Sample 10 D was of special interest. The work history of worker D showed 
that he had made only dichlorobenzidine, dianisidine, and o-tolidine on the day on 


TaBLe 1.—Chromatographic Results 


Quinonizable 
Chromatographie Substance 
Results Expressed 
4 as Benzidine, 
Date, Jan., 1952 Employee Exposure * BENZ DND DCB o-T Mg./L. 
D DCB; DND; O-T + + + 0.360 
D DCB: DND 0 0 0 0.160 


DND 0.206 
DCB 
DCB 
DCB 


0.113 


0.533 
0.387 


DND 
MAP 
P 


0.812 


0.333 


DCB 0 0 ee 0 0.266 


* BENZ = benzidine; DCB = dichlorobenzidine; DND dianisidine; O-T o-tolidine; MAP = meta- 
aminophenol. 


TaBLe 2.—Urinary Diamines in Press-Room Workers, 1950-1953 


Control 


Laboratory 
Operators, Mechanie, Workers, Foremen, 
Mg./L.* Mg./L.* Mg./L.* Mg./L.* 
6/23-27/51 & 0.678 0.074 0.127 0.432 0.068 0.056 0.010 
0.205 0.015 0.064 0.010 & 0.007 0.052 0.010 
2/16/53—-3/14/53....... 0.025 > 0.008 0.026 0.008 


* Mean urinary concentration of quinonizable substance expressed as benzidine in milligrams per liter. 


which the sample was voided, but chromatography showed benzidine as well as 
the other three compounds in his urine. Further search revealed that he had had 
no known contact with benzidine on any day for a week preceding the one in 
question, In addition, no benzidine had been manufactured in the plant for at least 
a week prior to that date, and none had been handled in the press room during 
that period. Chromatography of urine from other press-room workers during the 
same week failed to show benzidine. 

Worker D had changed all clothes including socks and underwear daily during 
this week and had started wearing a new pair of gloves after the manufacture of 
benzidine was stopped. He had taken a shower daily and had washed his hair. The 
only source of diamines left was his boots. These happened to be nearly worn out. 
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Accordingly, the boots were procured and extracted with dilute hydrochloric acid ; 
the diamines were measured, and about 600 mg. were present. Chromatography 
revealed that the bulk of this material was benzidine. 

A summary of diamine excretion by men performing different kinds of work 
is presented in Tables 2 and 3. They provide further information relative to skin 
penetration. Table 2 shows in press-room operators a substantial downward trend 
in diamine excretion over the three-year period; however, summer values are 
significantly greater than winter figures. The summer mean dropped from 1.482 
to 0.570 mg. per liter, while the winter mean dropped from 0.433 to 0.144 mg. per 


TABLE 3.—Urinary Diamines in “Controls,” 1951-1953 


Reduction Room, 
Warehouse, 


Pilot Plant, & Controls with 
Other Chemical Absolutely 
Manufacture, No Exposure, 
Date Mg./L.* Mg./L.* 
0.089 0.018 < 0.003 


* Mean urinary concentration of quinonizable substance expressed as benzidine in milligrams per liter. 
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Chart 1.—Seasonal trends in diamine excretion, 1950-1953. 


liter. This is graphed in Chart 1. A mechanic working in the press room followed 
the same trend at a lower level than the operators. The same was true of control 
laboratory workers whose mean summer values dropped from 0.432 to 0.130 mg. 
per liter, while winter values dropped from 0.117 to 0.025 mg. per liter. Foremen 
in the press room excreted relatively low concentrations of quinonizable substances 
in the early period of the study; however, the mean concentration in milligrams 
per liter was significantly lower in February and March, 1953 (0.026) than in 
January, 1952 (0.052). Urinary specific gravities for press-room and other chemi- 
cal operators and foremen were determined for two periods. In August, 1952, the 
mean figure for 196 specimens was 1.025, while in February and March, 1953. 
the mean for 327 specimens was 1.023. The mean values for individual groups 
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varied from 1.022 to 1.026. As the program progressed, all men working in the 
press room observed increasingly rigid regulations regarding personal hygiene. 
These required daily clean work clothes from the skin out and a shower after each 
work shift. 

“Controls” for the press room incladed men in the reduction room, warehouse, 
pilot plant, and other chemical manufacture. Members of this group had occasional 
contact with the diamines, as evidenced by the presence of diamines in their urine. 
They were placed in a single group for statistical purposes, although men in “other 
chemical manufacture” generally showed lower urinary concentrations of diamines 
than men in the reduction room. However, one operator making a product unrelated 
to the benzidines periodically showed urinary diamines ranging as high as 0.300 
mg. per liter. Investigation revealed that for a few minutes two or three times a 
week he handled piping through which waste sludge from diamine manufacture 
was transferred from one container to another. Occasionally some of this splashed 
on his gloves, clothing, or boots. Analysis showed a substantial diamine content 
of the sludge. This man and others in this group were provided regularly with clean 
work clothes but were not given daily clean socks and underwear, nor were they 
required to take daily showers. 


TaBLe 4.—Urinary Concentrations of Diamines in a Control Laboratory Worker 


Quinonizable Substances Expressed as 
Milligrams per Liter of Benzidine 


Date Mon. Tues. Wed. Thurs. Fri. Sat. Mean 

0.097 0.113 0.122 0.160 Nosample 0.117 

0.021 0.005 0.040 0.032 0.010 0.021 


Additional controls were used to further validate the results. One was a man 
working in a building separated by 500 yd. from the operating areas. He showed 
a mean of 0.006 mg. per liter of quinonizable substance in 17 urine specimens. 
Thirty-five specimens from men and women working in the university and hospital 
area contained no detectable diamines. 


Detailed results pertaining to the relationship of skin contamination and urinary 
excretion of the diamines are presented in Table 4. A worker in the control labora- 
tory was the subject of these observations. The purity of the products in the plant 
was checked in a control laboratory adjacent to the press room. The workers 
handled small amounts of the various products, weighing them on a balance and 
dissolving the weighed quantities in suitable solvents. Dust collected from furniture 
and tables in the laboratory was found to contain primary amines, Examination 
of urine specimens from laboratory workers at the end of the work shift revealed 
measurable amounts of quinonizable substances. Because the concentrations seemed 
greater than necessary, these workers were included in the program of daily clean 
clothing and showers. The table summarizes studies on Worker H before and after 
starting this hygiene program. Other conditions including the outdoor temperatures 
and humidities were comparable for the two test periods. Worker H showed a 
slight trend toward increasing excretion as the week progressed in January, 1952. 
After he adopted an individual hygiene program, there was an 80% reduction in 


his urinary concentration of diamines, and there was no trend toward increased 
excretion as the week progressed in the February and March, 1953, study. 
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The effect upon diamine excretion of brief but heavy exposure is illustrated 
in Chart 2. Worker J showed a mean urinary concentration of quinonizable sub- 
stances at the end of the work shift of 0.043 mg. per liter for 23 out of 24 days of 
a test period. On the remaining day, which happened to be the fourth day of the 
test period, his urinary concentration was 1.130 mg. per liter. The figures for the 
preceding and the following days were 0.020 and 0.070, respectively. Investigation 
showed that on the day of high excretion he was accidentally drenched with a slurry 
containing dichlorobenzidine hydrochloride in acid solution. He removed his 
clothes and took a shower within five minutes, put on clean clothes, and returned 
to his work, 

As mentioned in connection with Table 2 and Chart 1, there was, in addition 
to the generally downward trend of mean urinary concentrations of diamines as 
the program progressed, an obvious seasonal variation between summer and winter 


AS BENZIDINE MG./LTR. 
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Chart 2.—Effect of brief heavy exposure to diamine. 


Since many changes were possible in plant operations from one time of year to 
another, it seemed desirable to choose two periods when plant operations and 
personnel were comparable. The summer periods of 1951 and 1952 were suitable 
from this standpoint. During those two periods the same products were manu- 
factured; many of the same men were engaged in this work ; regulations regarding 
clothing changes and showers were identical, and mean urinary diamines were 
comparable. 

Data on daily temperature and relative humidity .were available from a nearby 
airport for the days in question, The chemical plant is at the same elevation as the 
airport and is exposed to the same general weather conditions. Temperature and 
relative humidity were probably higher in the press room of the plant than outdoors 
at the airport, but it was assumed that the trends from day to day were comparable 
at both locations. 
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Accordingly, temperature and relative humidity figures were obtained from the 
weather bureau for the four times of day, 0630, 1230, 1530, and 2030, for the days, 
June 23 to 27 and July 9 to 14 and 16 to 20, 1951, as well as Aug. 11 to 15, 18 to 22, 
and 25 to 29, 1952. A mean was calculated for each figure each day from these four 
observations. It is recognized that a figure for mean relative humidity loses its 
significance if temperature changes are extreme. In this case, temperatures ranged 
only between 59 and 85 F. 

With mean figures for temperature and humidity available, the mean urinary 
concentration figures for diamines in press-room workers for each of the 31 days 
of the test were ranked from the lowest to the highest (0.158 to 1.098 mg. per liter 


Tasie 5.—Temperature, Humidity, and Diamine Excretion in Press-Room Workers 


Mean 
Quinonizable 
Substance Mean 
Expressed as Mean Relative 
Benzidine, Temperature, Huridity, 
Me./L. F. 
16 days with mean concentration less than 0.500 mg./L.......... 0.318 72.3 69.6 


15 days with mean concentration greater than 0.500 mg./L..... A j 78.9 


TABLE 6.—Temperature, Humidity, Specific Gravity, and Diamine 
Excretion in Six Press-Room Workers 


Mean 


Quinonizable 
Mean Substance 
Mean Relative Expressed as 
Date, Aug., Temperature, Humidity, Mean Urine Benzidine, 
952 F. % Sp. Gir. Mg./L. 
Cool, Ary l4th 73 63 1.026 0.313 


29th 77 78 1.025 0.395 


of quinonizable substance). These daily mean figures were divided into two groups, 
with 16 less than 0.500 mg. per liter and 15 more than 0.500 mg. per liter. The 
corresponding mean temperature and mean relative humidity figures were then 
listed next to the mean concentration for each day in each group, and the mean 
values for concentration of quinonizable substance, temperature, and relative 
humidity were calculated for each group. Corresponding figures were compared 
as presented in Table 5. 

This table shows that on days when the mean urinary concentration of quinoniz- 
able substances was 0.500 mg. per liter or greater the mean temperature at the 
airport was 2.3 degrees (F.) higher and the mean relative humidity was 9.3% 
greater than on days when the urinary concentrations were less than 0.500 mg. 
per liter. It was clear that on hot, humid days workers excreted a higher concen- 
tration of diamines in their urine than on drier and cooler days. To test the possi- 
bility that the higher concentrations of quinonizable substance might have been 
caused to a significant degree by higher urinary specific gravities, a comparison 


129 


a 
4 
i 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


was made between urinary specific gravities in the same men on the two days of 
highest temperature and humidity and the two days in the same weeks of lowest 
temperature and humidity. 

Table 6 was prepared from information on six workers, each of whom was in 
the press room on all four days listed, so that the figures for specific gravity and 
concentration of diamines for all days may be compared. The difference in mean 
specific gravity between hot, humid days and cooler, drier days (0.001) is not 
sufficient to explain the observed differences in mean urinary concentration of 
quinonizable substances. Accordingly, it appears that the higher concentrations 
observed on hot days indicate greater excretion of diamines on those days. 


COM MENT 

In our previous paper * we drew attention to the occurrence of skin penetration 
by the diamines in human volunteers as well as under plant operating conditions. 
Results presented here permit more precise evaluation of skin penetration as a 
factor in industrial exposures to benzidine and substituted benzidines. A com- 
parison of results from press-room operators and press-room foremen shows that 
operators excreted from 4 to 12 times the concentration of diamines as foremen. 
Differences in urinary specific gravity were too small to account for this. Since 
operators and foremen were exposed to the same air concentrations of diamines 
during the work shift, it may be concluded that the differences in urinary diamine 
output were due largely if not entirely to skin penetration. Evidence on clothing 
contamination and the case of Worker D and benzidine-contaminated boots sup- 
port this conclusion, The mean urinary diamine concentration of foremen in 
February and March, 1953, suggests another tentative conclusion, that air con- 
taminated with 0.018 mg. of diamine per cubic meter should lead if breathed for 
an eight-hour day to a urinary concentration of not more than 0.026 mg. per liter 
of diamines in the urine sample voided at the end of the work shift. The application 
of data from unpublished human and animal studies '° on benzidine and substituted 
benzidines is roughly consistent with this conclusion. Up to 5% of benzidine is 
excreted unchanged by dogs after an intravenous dose, Calculation shows that 
if 10 cubic meters of air with 0.018 mg. of benzidine per cubic meter is breathed 
in an eight-hour day 0.180 mg. might enter the lungs. Five per cent of this would 
be 0.009 mg. A urine sample of 250 ml. containing 0.026 mg. of benzidine per liter 
would contain about 0.007 mg. of benzidine. There is hearsay evidence that bladder 
tumors are extremely rare among men who have supervised the manufacture of 
such amines as beta-naphthylamine or benzidine. From our studies we may specu- 
late that the safe level of air exposure to benzidine is probably not less than 0.02 
mg. of benzidine per cubic meter of air and that the body can probably tolerate a 
few tenths of a milligram of benzidine daily for several decades at least. 


The enhancement of skin penetration by the diamines under conditions of high 
temperature and high relative humidity is of interest. A high incidence of derma- 
titis among men manufacturing irritating chemicals in hot weather has led some 
companies to make such products only in cool weather. The increased hazard from 
skin penetration on hot, humid days has received little attention. Probably the 
important factor, in addition to the necessary preexisting condition of clothing and 
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skin contamination, is the wetness of the skin. It was observed that the operators 
who excreted the higher concentrations of diamines were men who worked vigor- 
ously and perspired freely. Winslow and Herrington '' provide data and formulae 
by which the ‘wetted area” of skin may be determined in experimental subjects. 
Appropriate study of chemical operators under differing environmental conditions 
might clarify the question whether skin penetration is directly proportional to 
wetness of the skin when clothing and skin contamination are kept constant. The 
possibility of rapid skin penetration when the skin is thoroughly wet with a 
diamine-contaminated solution is suggested by the experience of Worker J. Although 
this operator might have inhaled or ingested a minimal amount of dichlorobenzidine 
when he was drenched with the acid solution, the wetting of his whole body surface 
may have provided the portal of entry for the bulk of the diamine he subsequently 
excreted. 

The practical application of our studies may be seen in the results of the control 
program. Measures for reducing press-room workers’ skin contamination by the 
diamines have been followed by reduction in urinary diamine concentrations to 
one-third of former values. Operators in other areas, with only occasional contact 
with diamines and without a rigorous hygiene program, have shown little change 
in their mean urinary output over the same period of time. 

The substantially greater output of diamines in the summers when urinary 
concentrations were about four times those observed in the winters raises an 
interesting question of controlling health hazards. Perhaps chemical manufacturing 
operations involving toxic substances known to penetrate the skin easily should 
be air-conditioned or carried out only in the colder months of the year. 

Conversation with health workers carrying on occupational health programs 
for men exposed to other amines, including beta-naphthylamine, suggests that our 
observations about skin penetration of the benzidines are also applicable to such 
substances as beta-naphthylamine. Investigation of the skin as a portal of entry 
for various toxic agents and particularly the carcinogens seems indicated. One 
approach to this might be more studies in which urinary excretion of toxins or 
their metabolites is correlated with air concentrations of the toxin in the working 
environment. Discrepancies in the results might lead, as in our work, to clarifica- 
tion of the part played by the skin. 


SUMMARY 


Studies were made of workers manufacturing benzidine, dichlorobenzidine, 
dianisidine, and o-tolidine through application of a microchemical screening tech- 
nique applied to urine samples voided at the end of the work shift, through use 
of paper chromatography, and through study of air samples. Results showed that 
the skin was the principal portal of entry for these substances into the body under 
the conditions observed, that environmental conditions of high air temperature and 
high relative humidity were associated with greater excretion of these diamines, 
and that reduction of contamination of skin and clothing by these diamines resulted 
in substantial reduction of urinary concentrations of these substances, 


310 Cedar St., New Haven 11. 


The plant management and staff of the Bureau of Industrial Hygiene, Connecticut State 
Department of Health, rendered assistance in carrying out these studies. 
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EXECUTIVE HEALTH PROGRAMS 


GEORGE M. SAUNDERS, M.D. 
NEW YORK 


URING the last half century, America has grown from an agricultural 
country to the greatest industrial nation that the world has ever known. 
The future success of our country and of our way of life depends, to a great 
degree, upon our industry, upon our industrial man power, and upon the wis- 
dom, the competence, and the vigor of the executives who manage our industry. 
It seems obvious that the physical as well as the mental health of those respon- 
sible for directing our industrial machinery may have a profound effect on its 
success or failure. Many big companies have come to realize that among their 
most valuable assets are their executives, and during the past 20 or 30 years 
the concept of executive health programs has developed. It will be my purpose 
here to explore some of the reasons for executive health plans, to present some 
of the methods, to discuss some of the findings, and to attempt to assess their 
value. In passing, | should like to state, like the radio announcer, that any opin- 
ions or recommendations expressed here are my own and are not necessarily 
held or accepted by the company for which | am Medical Director. 


WHAT IS AN EXECUTIVE? 

When I began to think about my topic for today, | found I was not sure how 
to define an executive. The dictionaries of 20 or 30 years ago were of little help 
and made no reference to business executives. The popular concept of the big 
business executive is that of a harassed, portly gentleman sitting behind a 
polished desk equipped with rows of push buttons and several telephones. He 
pushes buttons, issues orders, dictates memos, dashes off to attend a meeting or 
to make a speech, and then may have to stay up until late hours at a banquet 
or a dinner party. This popular picture is at least partly true. 

The “Dictionary of Occupational Titles” defines executives as those who exer- 
cise responsibility for the planning, determination, and direction of policies and 
operations. A simpler definition might be those who devote the major part of 
their time to planning for and directing the activities of others. It should be 
remembered that, in addition to having to carry heavy responsibilities, execu- 
tives are human, with many of the same strengths and weaknesses, problems 
and trials the rest of us have. 


Medical Director, Socony-Vacuum Oil Company, Inc., and co-chairman American Petro- 
leum Institute, Medical Advisory Committee. 

Presented before the morning session honoring the petroleum industry at the Sixth Indus- 
trial Health Conference held in Houston, Texas, Oct. 1-3, 1953. Published in part in the 
Petroleum Refiner, November, 1953. 
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HOW MANY EXECUTIVES? 

The next question that came to mind was how important are executives numer- 
ically. A recent survey of 82 companies showed that only a small fraction of 1% 
were titled officers, major or top executives, while about 10% were classed as 
managers, department heads, or supervisors. The larger the business and_ the 
number of employees, the smaller was the proportion of managerial positions ; 
hence the competition for such positions is greater in the larger companies.’ In 
one large national manufacturing company about 5% of the total number of 
employees were classed as executives on the basis of a salary level of $15,000 
a year or more. Therefore, in our industrial labor force of about 50,000,000 
there are perhaps 2,500,000 who may be classed as executives or managers. The 
tremendous importance of the competence of the executive group becomes appar- 
ent when it is remembered that the effectiveness of one of them is reflected in 
the activities of dozens or even thousands of workers at the operator level. 

The American business executive is a new species of being, generated during 
the last half century, and we are only just beginning to learn the desirable 
qualities of mind, body, and emotion he should possess in order to function 
efficiently and not to break under the strain. At the beginning of this century 
there was no big business in America. There were many small plants, factories, 
mines, and mills, generally owned by small groups who did their own managing. 
The rapid growth of our industrial economy required the development of execu- 
tive management on a large scale in order to operate the business enterprises for 
the owners, usually thousands or tens of thousands of stockholders. During the 
past 10 or 15 years much attention has been given to studies of criteria to mea- 
sure management stature and to develop promising talent, but until fairly recently 


little concern was given to physical and mental health status or potential, to 
emotional maturity, or to the qualities of strength or weakness which may have 
been inherited from forebears. 


RATIONALE FOR HEALTH PROGRAMS FOR EXECUTIVES 


There are many valid reasons why owners and management should have great 
concern for the health of their present and potential executive group. 

Industrial health programs whose basic objectives are health promotion and 
hygiene and not finger bandaging have proved their worth in increased produc- 
tiveness, efficiency, and morale of workers generally.2 The basic principles apply 
not only to the daily paid workers but also to top levels of management, because 
the latter have not only most of the health problems of the workers but, in addi- 
tion, other problems of a special nature which are inherent in the direct and 
indirect tensions of their daily lives. 

The problems of aging begin to show up in the executive group, because the 
ages of executives range from about 40 to 60 years, with the majority being more 
than 50 years old. Recent life insurance figures show that the average life expec- 
tancy of industrial workers 50 years old increased five years between 1911 and 
1949 (from 17 to 22 years).* The executives have probably experienced an equal 
increase, and there has doubtless been a concomitant rise in the prevalence of 
degenerative and neoplastic disease. 

There are special stresses and strains which are exerted on the executive and 
which demand peculiar qualities of resistance for survival. The big business execu- 
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tive today works in a world which has expanded tremendously and is no longer 
bounded by the limits of the factory or the city but by the ends of the earth.' 
One minute he may be discussing the trend in fuel oil prices with a marketing 
analyst; the next, talking to a production chief in Venezuela, and he may be put- 
ting the finishing touches to a speech he has to make on the West Coast on his 
way to the airport to make the 5 o'clock flight. 

The intrinsic qualities which make men able executives, such as imagination 
and driving energy, are the very ones which may lead to disaster. A recent article in 
Look magazine entitled “Your Next Promotion Can Kill You” indicates that men 
promoted to positions beyond their inherent capacity to fill adequately without 
strain may be headed for the final crack-up.° Man should live and work within his 
resources. The ability, vision, imagination, and driving energy required of an 
executive must be coupled with that essential serenity and balance that come with 
emotional maturity if the executive neurosis is to be avoided. Many who lack this 
emotional maturity are promoted beyond their depth, because they are often per- 
sons who have an obsessive devotion to their jobs. They may lead lives of tumultu- 
ous desperation in an effort to compensate for deep-seated feelings of insecurity. 
They may become overaggressive, tense, and anxiety-ridden, although this may 
not show on the surface, and a vicious spiral is started of anxiety, hostility, over- 
activity, and still more anxiety, and so round and round until suddenly some- 
thing gives.° We have all seen cases of this type. 

The most important feature of executive health programs, and perhaps the 
one of most value, is the system of careful periodic health inventories which are 
made to assess the physiological and emotional condition with special reference to 
the demands of the job. These inventories should be a part of any selection pro- 
gram for promotion. It may be possible in many cases to save a man from over- 
promotion, thereby protecting not only his health but also the interest of the com- 
pany and the stockholders. 

The question is sometimes raised as to whether we are justified in a democ- 
racy in having for executive groups special types of health programs which may 
be more extensive and thorough than those offered to the daily paid workers. I 
think we are justified for several reasons. For example, it is well known that 
pilots of commercial airlines are required to undergo a searching physical exami- 
nation at frequent intervals. This is done, of course, to protect not only the crews 
but also the flying public. One certainly would not suggest that it is undemo- 
cratic to give one type of examination to the pilot and a much less thorough 
examination to the janitor who works at the airport. The errors and mistakes 
that an executive may make partly because of ill health may not endanger the 
health or lives of others, but certainly his errors may endanger the jobs of hun- 
dreds or possibly thousands of his co-workers. 
METHODS OF 


HEALTIL PROMOTION 


There are many different plans for promoting executive health. There is no 
common pattern, except that almost all of them are based upon the periodic health 
inventory. .\mong many variables to be considered are the definition of eligibility, 


whether the program is voluntary or compulsory, the periodicity and the respon- 
sibility for performing the examinations, their scope, the methods of reporting 
results, the time required, and the cost.’ 
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Standards for eligibility differ. In some companies only the highest manage- 
ment levels are included, such as the president, the chairman of the board, and the 
directors. In perhaps half of the companies examinations are offered to lower man- 
agement levels, including department heads, superintendents, and foremen. The 
General Motors program includes all “senior executives’ of whom there are said to 
be more than 6,500 at the present time.* In some instances, definition is made accor- 
ding to salary level of $8,000 to $10,000 a year or more. 

Compulsion is usually avoided, and, with a few exceptions, participation is 
entirely voluntary. In two large companies (one of these, General Motors) more 
than 95% of all eligible executives take advantage of health examinations on a 
voluntary basis. Although compulsion is the exception, there are certain situa- 
tions, it seems to me, in which an executive should be required—in the interest 
not only of himself but also of the stockholders—to submit to a careful and search- 
ing examination; for example, when it is proposed to promote to a high echelon 
of management a person who will be assuming great responsibility. This is par- 
ticularly true in the case of older persons among whom cerebral changes or dis- 
vases of the cardiovascular system may be present. If it were once understood 
among the lower echelons of management that promotion to higher level was 
dependent upon proof of satisfactory health, then there would be no argument 
when the examination time comes round. 

Regarding the frequency of the examination, there are various schools of 
thought; although the majority of plans recommend annual examinations, in 
some they are offered less frequently, while in others it is recommended that the 
older executives and those with some impairment should be examined more fre- 
quently than once a year. Some plans call for an examination every two years 
for those who are between 30 and 40 years of age, annually for those between 
40 and 60 years, and semiannually thereafter. In general, I believe that the peri- 
odicity should be determined by the age of the person, the special stresses and 
strains of his job, and his physical and mental condition. 

There is no uniformity in the designation of examining physicians or clinics. 
Some large companies refer their executives to clinics or individual physicians. 
Others, with well-established medical departments staffed by competent person- 
nel, perform their own physical examinations. It is my feeling that this is prefer- 
able, provided that the medical departments are adequately staffed and equipped 
with modern diagnostic tools. The company physician should be in a better posi- 
tion to be familiar with the work demands of the executives and with their tem- 
peraments, personalities, and outside activities. 

The manner of reporting the results of examinations also varies considerably. 
The findings are usually considered confidential, and the doctor-patient relation- 
ship is maintained. In some instances the examining physician or clinic reports 
directly to the patient ; sometimes they report to his family physician, and in some 
instances a report is sent to the company physician. In a very few cases, reports 
are sent to some high officer of the company, such reports to be held confidential 
by the officer receiving them. I believe that when the company has a competent 
medical adviser he should receive the results of examinations and should dis- 
cuss them with the executives in question. If there are any findings which indi- 
cate a restriction or a change in activity, then permission should be requested of 
the person to discuss the situation with his superior officer. During several years’ 
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experience with executives | have nearly always found that they are only too glad 
to have their conditions discussed with some high ranking official in the com- 
pany if it is recommended by the examining physician. 

The length of time required for a periodic health examination varies from a 
few hours to twe or three days or more, depending upon the number and com- 
plexity of the tests which are performed. Some companies send their executives, 
with their wives, to a clinic in a resort area for a period of several days. Some 
groups hospitalize the executives for a period of two or three days, while others 
conduct the tests on an ambulatory basis. As a general rule, in a well-appointed 
industrial medical department the period of perhaps half a day will be required 
for the examination, in addition to perhaps an hour or two at other times for 
necessary tests. Sometimes these are done in the medical department, but often 
the person is referred to an outside laboratory. 

The cost of examinations varies with their completeness and ranges from about 
$10 to $300, the median charge being about $30.' The average cost in the General 
Motors program is $130.* The total fee will depend somewhat upon the examin- 
ing physician’s judgment of the patient’s needs. 

The thoroughness of health examinations varies considerably with the time 
taken and the cost. However, their ultimate value to the individual and to the 
company probably is directly proportional to their completeness. Each exami- 
nation should be complete enough to permit the examiner to say with confidence 
that he knows the condition of the various body systems, how they are functioning 
as separate systems and as a coordinated whole, and what abnormalities are pres- 
ent. This requires a minimum of a careful family, personal, occupational, and medi- 
cal history, a complete physical examination, and certain basic laboratory tests. 

The family history is important, because man’s structure and physiological 
potential are largely determined by inheritance. The personal history should include 
an account of schooling, aptitudes, youthful desires for a life’s work, athletic and 
social activities, and hobbies. The home situation should be explored, particularly 
the intellectual, social, and sexual compatibility with the wife. The occupational 
history should include the reaction to the present situation, the satisfactions, 
frustrations, and interpersonal relationships with colleagues. A history of past 
health, illnesses, operations, and injuries should be obtained. 

The physical examination obviously should be thorough and complete. The 
examining physician should look at the person as a whole. He should note the 
general appearance, whether it is that of success, confidence, and good grooming. 
Is the patient’s step brisk and light, are his eyes bright, is his handshake firm, are 
there tremors of the hand or tongue? The eyegrounds should be inspected, the 
pupils being dilated if necessary. A rectal examination should be included on all 
men and a sigmoidoscopic examination on all over 40 or 45 years of age. These 
points are stressed particularly, because they are frequently ones which are omitted 
from routine physical examinations. 

Laboratory tests should include certain minimum diagnostic procedures : 


1. A urinalysis, with examination of the centrifuged sediment. 


2. Certain blood chemistry studies—a determination of the blood urea nitrogen and 


blood sugar. 


3. A study of the stained blood film, a determination of hemoglobin and of the sedimen- 
tation rate and the volume of packed cells. 
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A serologic test for syphilis at the time of the original examination and thereafter if 
indicated. It is believed that few executives are going to acquire syphilis and, if 
they do, that they are intelligent enough to be aware of that fact and to have secured 
adequate treatment. 


w 


. An vecult blood test on the stool. 


. A standard chest x-ray film. 


. An electrocardiogram. 


In addition to these basic tests, certain other procedures may be advisable, depend- 
ing upon the age of the subject and any symptomatology he may present. These 
include but are not limited to the following : 

. Gastrointestinal x-rays, including barium enema. 


. A determination of blood cholesterol and uric acid levels. 
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. Certain kidney function studies; for example, the phenolsulfonphthalein test. 
. Certain simple liver function tests. 


FINDINGS OF EXECUTIVE HEALTH SURVEYS 


The findings revealed by health surveys of executives vary somewhat from 
group to group, but certain general facts are evident. Defects of function or struc- 
ture are found in about 60% of executives, and an average of about 40% of them 
state that abnormal conditions were revealed of which they had previously been 
unaware. A list of many of the abnormal findings which have been reported would 
include the following.* 


Condition Per Cent of Groups 


Gastric distress (question of neurosis) 10-12 
Neuroses, anxiety and tension states.........cccsccccccccscces 4-14 
Rectal abnormalities, including hemorrhoids and rectal polyps.. 6-14 
Puimonary tuberculosis (arrested) 1-6 
Organic nerve lesions, including cerebral vascular accidents, 
Parkinson's syndrome, multiple 0-1 
Malignant neoplasms of the large bowel...................0- 0-2 


Many of these conditions may endanger future health and longevity and deserve 
some comment. One of the commonest findings was that of overweight (20 to 
30%). Life insurance figures show that among overweight persons who were 
accepted for insurance as substandard risks the subsequent mortality was 50% 
greater than among those of normal weight. This excess mortality was largely 
the result of chronic diseases of the heart, cerebral hemorrhage, chronic nephritis, 
diabetes, cirrhosis of the liver, and gallstones.'' Reducing lowers the mortality. 


* References 4, 7 to 10. 
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In this connection, in our company’s executive dining room in New York during 
the past several months we have been listing on the luncheon menus the caloric 
yalues of the food items. This has resulted in much lively conversation and prob- 
ably several tons of weight loss. 

High blood pressure is common (7 to 15%). In many cases this represents 
true hypertension, and in others it is a temporary condition, possibly a labile 
blood pressure, one easily stimulated to rise to high levels. In any event, thera- 
peutic measures, including counseling and guidance regarding physical and mental 
hygiene, can often alleviate or delay the organic changes which may result. 

Heart disease is found (2 to 10%). This is not surprising, since it is well 
known that heart disease is the leading cause of death among men in the age 
groups of most executives. The types of heart disease found are usually either 
angina pectoris, coronary artery disease with occlusion, or hypertensive and arterio- 
sclerotic heart disease. It is not known for certain whether heart disease is an 
occupational hazard of business executives. It is known, however, that emotions 
such as anger, fear, anxiety, or pain may affect the heart profoundly, not only its 
action but also the rate, the sounds, the electrographic tracing, and the blood pres- 
sure. White has stated that certain symptoms of coronary artery disease are more 
frequently found in sensitive, mentally overworked, and frequently robust or 
stout professional and business men than in others. However, the routine activity 
of persons in industry, business, and the professions if carried on in a sensible 
manner neither initiates heart disease nor makes it worse if it is already present 
unless it is very severe or going through an active stage.'* It is important to 
recognize true organic heart disease and to evaluate it for what it is worth. Many 
things can be done to slow the process and to prevent complications, and very 
often heart disease is not incompatible with a long, useful, and active life. In fact, 
as Alvarez states, one of the things an executive must look out for and avoid is 
the pessimistic doctor with an electrograph who may frighten many persons need- 
lessly.* 

Abnormalities of the prostate are frequently encountered (4 to 5%). Prostatic 
hypertrophy may lead to obstruction, with all the serious sequelae. Solitary 
nodules should be regarded with suspicion as possibly cancer; either benign 
hypertrophy or prostatic cancer may be successfully treated if discovered early. 

Cancer is the second cause of death among men of the executive age group, 
and the examiner’s index of suspicion should be high. Particularly to be sought 
are early signs or symptoms of cancer of the lungs, the stomach, the large bowel, 
and the prostate. It is only with early detection and prompt and adequate treat- 
ment that cure may be achieved. 

Diabetes is to be expected in perhaps 2% of executives and in many instances 
is discovered for the first time at the health inventory. The disease may be easily 
controlled by simple weight reduction and a sensible diet with or without insulin 
and disabling complications prevented. 


All gradations of neuroses may be encountered from minor anxieties, insomnia, 
and “stomach trouble” to the more serious obsessional states. In most instances, a 
frank discussion with a sympathetic and wise physician may correct the situation. 
In others, special psychiatric help may be needed. Sometimes all that may be 
required will be a change of scenery or an insistence that the long-delayed vacation 
be taken promptly. In some cases, a change of job may be indicated. 
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One condition which has a serious effect upon mental ability and which may 
go unrecognized for a long time is disease of the cerebral vascular system. Dam- 
age to the brain from arterial insufficiency, thrombosis, or small hemorrhages may 
not be readily apparent and yet may cause a complete change in personality, 
emotional stability, and mental agility. The errors of judgment which may follow 
can be very costly. 


VALUE 


OF HEALTH 


PROGRAMS 


There is no doubt that a careful, systematic plan of health promotion will return 
to the industry many times its cost. The early detection of disease or structural 
abnormalities may allow prompt cure or correction and prevent serious and 
possibly fatal disabilities. Better health means better morale, increased efficiency, 
and less time lost because of illness. These are the tangible returns which are to 
be expected. Some of the less tangible but no less valuable results may be illus- 
trated by recalling the histories of a few cases which have been reported during 
the past 10 years, many of which I have seen personally. 

A change of job or retirement recommended because of physical or mental 
ailments may prevent costly mistakes in judgment or in operations. Mr. A. Z., 
a 58-year-old highly placed official in a large automotive company, had periods 
of headaches, blurred vision, and temporary weakness of a hand following expo- 
sure to stressful situations on his job. The medical director and a neurologist 
collaborated in establishing a diagnosis of a few small “strokes.” These were 
inapparent to the casual observer, yet another stroke might have seriously impaired 
the patient’s judgment which might have led to mistakes costing hundreds of 
thousands of dollars or more. After discussing the situation with management with 
the permission of the patient, the executive was retired from active participation 
in the business. Since retirement he has been enjoying better health and he has 
been able to regulate his own life according to his wishes and not according to 
the dictates or needs of the business. 

The early detection of an illness and the application of appropriate treatment 
may mean rapid return to work instead of later detection, long invalidity, and 
loss of services of a valuable employee. Mr. F. U., a 40-year-old dynamic, cap- 
able, young executive, destined to rise to the top levels in a large chemical com- 
pany, was given a periodic examination by the company medical director. He had 
been carefully examined a year previously and was pronounced fit, and he had 
been hale and hearty in the interval. The current examination revealed no signs 
or symptoms of illness, but the chest x-ray showed a faint shadow in one lung 
which had not been there before and which was found on further study to be 
active tuberculosis. The patient entered a sanatorium for treatment and within 
a year was back on the job full time. Had that condition been undetected for 
another year or two, as it might have been in the absence of careful periodic checks, 
it could have progressed to a point where he would have been incapacitated for 
many years. 

Forewarning of a fatal end to an illness may give management the opportunity 
to train a successor for a key position. Mr. M. B., a vice-president of a large tex- 
tile company, came into the medical department to report rather casually that 
while shaving that morning he had noticed a small lump below the right side of 
his jaw. He was promptly referred to a surgeon, who excised the lump, which 
proved to be a malignant tumor of a kind that spreads rapidly. Chest x-rays 
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revealed a small cloudy area in one lung, no doubt a metastasis. Management was 
told that he probably would not be around the shop very long, and a special assis- 
tant was appointed to be groomed for his position. Unfortunately, Mr. M. B. was 
dead in two years. 

Lives may be saved by periodic health inventories. Mr. RK. R., a 45-year-old 
department head in a large food-processing industry, was found to have, in the 
absence of symptoms or any other findings, albumin and a few red cells in the 
urine. An intravenous pyelogram revealed a defect in the pelvis of one kidney 
which was shown at operation to be caused by a malignant tumor. A nephrectomy 
was done, and today, five years later, he is well, happy, and successful, 


CONCLUSIONS 

The health of America’s business executives is one of the country’s greatest 
assets. During the past several decades programs for protecting and promoting 
executive health have been developed. Although these differ considerably in their 
manner of application, nearly all are based upon periodic medical examinations. 
Results indicate that about 60% of executives have one or more significant 
abnormalities, many of them correctible. The value of health programs to the 
individuals and to business is unquestioned. Better health means better morale, 
greater efficiency, and a longer useful life. 


REFERENCES 
1. Loken, R. D., and Thake, N. C. J.: How Many Managers Are There? Curr. Econom 
Comment 14:18-27 (Nov.) 1952. 


2. Braun, D. C.: Medical Programs in Industry, read before the 31st Annual Meeting of 


the Pennsylvania Self-Insurers Association, Atlantic City, N. J., June 26, 1953. 


3. Dublin, L. L, and Vane, R. J., Jr.: Longevity of the Industrial Worker, Am. J. Pub 
Health 41:697-702 (June) 1951. 

4. Alvarez, W. C.: How to Care for the Health of Executives, Chicago, Wilcox & Follett 
Company, 1951. 

5. Page, R. C.: Your Next Promotion Can Kill You, Look 17:109-111 (April 7) 1953. 

6. McMurry, R. N.: The Executive Neurosis, Harvard Bus. Rev. 30:33-47 (Nov.-Dec.) 
1952. 

7. Health Examinations for Executives, New York, Metropolitan Life Insurance Company, 
1951. 

8. Burnell, M. R.: Personal communication to the author. 

9. Reveno, W. S.: The Value of the Periodic Health Examination, J. Michigan M. Soc 
$2:516-520 (May) 1953. 

10. Saunders, G. M.: Unpublished data. 

11. Dublin, L. I., and Marks, H. H.: Overweight Shortens Life, Statist. Bull. Metrop. Life 
Insur. Co. 32: (Oct.) 1951. 

12. White, P. D.: Heart Disease, Ed. 4, New York, The Macmillan Company, 1951. 


ap 
141 


STUDIES ON PHOSPHORUS INTOXICATION 
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Hit FATE of orally administered choline in the human and in animals with 

and without hepatic insufficiency has been the subject of several investigations. 
Two of these studies,* employing a nonspecific chemical assay for the determination 
of choline, revealed that subjects with liver disease excrete considerably more than 
normal amounts of “choline-like” substances in the urine after large doses of choline 
given orally. By the use of more precise chemical methods, Popper * has shown 
that moderate amounts of choline administered orally are equally well tolerated 
by normal persons and by patients with liver disease. Furthermore, the conversion 
of choline to trimethylamine and trimethylamine oxide, which occurs to the extent 
of about 60% in the human and 40% in the rat, was actually depressed in patients 
with liver disease and in rats with chronic liver damage.‘ 

These considerations and the established role of choline in the mobilization of 
hepatic lipids led us to speculate on the possibility that choline metabolism might 
be altered in phosphorus poisoning. 

Few studies have been made of the metabolism of trimethylamine in disease in 
general, Hinsberg ® measured the ratio of trimethylamine oxide in the urine of 
patients with various types of carcinoma and found that a considerably greater per 
cent of the free amine was excreted by these patients than by normal persons or by 
patients with Basedow’s disease. Trimethylamine has been found in rather large 
amounts in the urine of patients with severe burns.® Muller‘ in a study of the nor- 
mal metabolism of trimethylamine was unable to oxidize it with tissue homogenates 
or brei, but the reduction of trimethyamine oxide to trimethylamine by homogenates 
occurred readily. The perfused dog liver was also unable to oxidize trimethylamine 
to the oxide. 

Since some of the reports in this field are essentially at variance, it was a matter 
of interest to study choline utilization in experimental hepatic injury employing a 
more sensitive and specific means for the determination of choline than the usual 


From the Department of Biochemistry, Vanderbilt University School of Medicine. 

Dr. Sigal was United States Public Health Service Postdoctorate Fellow during 1950-1952. 

This investigation was carried out at Vanderbilt University School of Medicine under a 
grant from the Tennessee Valley Authority, Contract TV-84156. 

* References 1 and 2. 
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chemical methods. Such an investigation which was undertaken in the dog also 
allowed a study of the extent to which choline is converted to trimethvlamine and 
trimethylamine oxide in this species in both the normal and the pathological state. 


METHODS 


Full-grown, healthy, mongrel dogs of either sex were housed in metabolism cages. Twenty 
four-hour urine samples were collected under acidified toluene and stored in the refrigerator 
The animals were given water ad libitum and one meal daily of canned dog food? in an 
amount sufficient to maintain body weight. Choline chloride in a water solution was given via 
a stomach tube prior to feeding, with at least three days between doses. Some of the animals 
were treated with a commercial vermifuge { three to five weeks prior to the experiment. 
Urinary choline was determined as described in a previous paper in this series.8 Urinary 
trimethylamine was determined colorimetrically, after aeration from an alkaline potassium 
carbonate sample into hydrochloric acid, by use of the Folin-Ciocalteu reagent, as described 
by Popper.*. The same colorimetric procedure was used to analyze total trimethylamine (tri- 
methylamine and trimethylamine oxide) after reduction with Devarda’s alloy and aeration. 
After determining the response to various amounts of choline chloride, two dogs were 
poisoned by the daily administration of 0.2 mg./kg. of yellow phosphorus in peanut oil § for a 
period of 13 and 14 days, respectively. This dose was selected on the basis of previous investi 
gations 'S as producing severe liver damage in a suitable length of time. Doses of choline 
chloride (80 mg./kg.) were given at intervals during the period of phosphorus poisoning and 
during the recovery period, and the urine samples were analyzed for the above metabolites. 
Impairment of liver function was followed by measuring prothrombin time,® vitamin A 
serum levels,!° and sulfobronophthalein sodium retention."! 


RESULTS 


The excretion of choline during the basal period and following the oral admin- 
istration of 160 mg./kg. of choline chloride is shown for seven animals in Table 1. 
Four of these animals had been treated with a commercial vermifuge three to five 
weeks prior to the experiment. The increase in total trimethylamine (trimethyl- 
amine and trimethylamine oxide) and the per cent of the total trimethylamine 
occurring in the unoxidized form are also recorded, Most of the total trimethylamine 
was excreted in the oxidized form, but significant amounts of free trimethylamine 
were present. These results show that the dose of choline chloride administered was 
well utilized, and the excess urinary choline accounted in all instances for only a 
small fraction of the dose. In the animals studied, 26 to 63% of the orally admin- 
istered choline could be accounted for in the form of urinary trimethylamine and 
trimethylamine oxide. The per cent of conversion of choline to trimethylamine 
showed a large individual variation, being considerably less in the animals which 
had previously been wormed. However, because of the small number of animals 
studied, no definite conclusions can be made in this respect. 

The effect of 160 mg./kg. of choline chloride and correspondingly smaller 
amounts is shown for two animals in Table 2. It is evident that doses of choline 
chloride of 80 mg./kg. were well tolerated. The conversion of the excess choline to 


+ Sky-Hy dog food, supplied by the Hill Packing Company. 
¢ Vermiplex, a mixture of 2,2’ dihydroxy-5,5' dichlorodiphenylmethane and toluene, was 
employed in the prescribed dose. 

§ The phosphorus solution was obtained from the Tennessee Valley Authority at Wilson 
Dam. The phosphorus was dissolved in peanut oil, 5 mg. of phosphorus per cubic centimeter 
of solution, and sealed in glass ampules under nitrogen. 
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Taste 1.—Urinary Choline, Trimethylamine, and Total Trimethylamine Excretion Following 
Oral Administration of Choline.Cl to the Normal Dog 


Choline-Cl 
Administered, Accounted For As 
Dog -———— Choline, TMA-HC], TTMA-HCL 
No. Mg./Kg. Gm. Total Mg./Day Mg./Day Mg./Day TTMA,* % TMA,t % 


Choline 


Comment 


Male 
13 wormed 4 wk. 
16.7 18.6 prior to 
experiment 
Female 
wormed 5 wk. 
prior to 
experiment 
Male 
wormed 5 wk. 
prior to 
experiment 
Female 
not 
wormed 
Female 
not 
wormed 
Male 
not 
wormed 
Male 
wormed 3 wk. 
prior to 
experiment 
(TTMA-HCl! — basal TTMA-HC)) 
% Choline accounted for as TTMA = adm, Choline-Cl (expressed as TTMA- HCl) 


TMA-HC! 
THA = TTMA:- HCl 
1A 48-hour specimen. 


x 100. 


100. 


Taste 2.—Urinary Choline, Trimethylamine, and Total Trimethylamine Excretion Following 
Oral Administration of Choline.Cl Before and After Phosphorus Poisoning 


Choline: Cl Choline 


Administered, Accounted For As 
Choline, TMA-HCl, TTMA-HCi, — 
Mg./Kg. Gm Total Mg./Day Mg./Day Mg./Day TTMA,t% TMA,! 

Dog 17 
Normal d 35.8 
73.8 397.0 
52.7 326.0 
12.3 215.5 
15.3 218.0 
3.0 105.0 
Poisoning, &th 44 191.0 
13th 51. 220.0 
Recovery, 4th 148.5 
212.0 

Dog 18 
Normal j 47.8 
420.0 
234.0 
228.0 
Poisoning, &th 342.0 
13th 9. 254.0 
Recovery, 4th 2. 245.0 
12th d 188.5 


* Food withheld because of vomiting on previous day. 


(TTMA-HC1 — basal TTMA-HC)) 
1% Choline accounted for as TTMA adm. Choline-Cl (expressed as TTMA HCD x 
TMA-HC! 


100. 
TMA 
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total trimethylamine was shown to be remarkably independent of the amount of 
choline administered. The per cent of the total trimethylamine excreted in the 
unoxidized form increased as the amount of total trimethylamine increased. 

In the two animals treated with phosphorus significant changes in choline excre- 
tion in response to oral choline (80 mg./kg.) were found to occur on the eighth day 
of poisoning as well as at the end of the poisoning period. However, four days after 
withdrawal of phosphorus the urinary choline in response to a similar dose was 
back to normal (Table 2). The impairment of liver function at the end of the period 
of phosphorus poisoning was demonstrated by the data in Table 3. Both animals 
showed a marked increase in prothrombin time, low vitamin A plasma levels, and 
prolonged retention of sulfobromophthalein sodium. The rapid recovery of the 
animals was apparent by the return to normal of the prothrombin time and the 
marked rebound of the vitamin A levels. The formation of total trimethylamine 
during the period of phosphorus poisoning and recovery was somewhat variable 


TABLE 3.—Liver Function Studies 


Sulfobro- 
Serum mophthalein 
Vitamin A, Prothrombin Sodium, 30 Min. 
1. U./100 Ce. Time, See. Retention, % 


480 
M40 11g 49 


Dog 18 


0 


215 13.0 68 


in the two dogs studied, but no significant trend was evident. During the period of 
impaired liver function the percentage of free trimethylamine was significantly 
increased. This percentage in the animal which was allowed to recover for 12 days 
(Table 2) returned to normal. 

COMMENT 


The results presented here confirm in general for the dog the findings of Popper 
and his co-workers || for the human and the rat, that considerable amounts of orally 
administered choline are excreted as trimethylamine and trimethylamine oxide 
(total trimethylamine) and that this conversion is relatively independent of the 
amount of choline administered. In this present study no definite changes were 
noted in the conversion of choline to total trimethylamine in the two dogs poisoned 
with phosphorus. However, the liver damage was acute rather than chronic in 
character. Popper found that the formation of total trimethyiamine from oral 
choline was reduced in humans and in rats with chronic liver damage. Rats with 
acute liver damage exhibited little change in this respect. Slight increases in the 
excretion of choline itself following administration of oral choline to dogs with liver 
damage were observed in this present work, but this excess represented only a 


|| References 3 and 4. 
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small fraction of the administered dose. Popper found that humans with liver 
disease given choline orally showed little difference in their urinary choline when 
compared with normal subjects. In studies '* involving the administration of intra- 
venous choline to humans, it was observed that patients with only certain types of 
liver disease excreted abnormal amounts of choline. 


The conversion of choline to trimethylamine has been attributed by Popper to 
the action of the intestinal flora, and some of the factors affecting this transforma- 
tion have been studied.'* Three of our dogs which had not been wormed excreted 
significantly larger quantities of trimethylamine and total trimethylamine than did 
those which had been wormed. Whether the worming process altered the intestinal 
flora as well as the fauna is not known, but the reduction in fauna was accompanied 
by a lower excretion of these substances. 


The partition of the total urinary trimethylamine into the free and oxidized 
forms has not been extensively studied previously. The data presented here show 
that the per cent of free trimethylamine was a function of the total trimethylamine 
excreted and that the fraction occurring in the oxidized form was somewhat less 
in the two animals treated with phosphorus. 


CONCLUSIONS 
When doses of choline were administered orally to a group of seven dogs, only 
a small part of the administered dose appeared in the urine unchanged. Considerable 


amounts of the administered choline were excreted in the form of total trimethyl- 
amine, most of which was in the oxidized state. 


The conversion of choline to total trimethylamine was found to be independent 
of the amount of choline administered. The fraction of the total trimethylamine 
occurring in the unoxidized form was found to increase as the total trimethylamine 
increased. 

Two dogs with liver injury due to phosphorus poisoning excreted somewhat 
larger than normal amounts of administered choline. No definite effect on the con- 
version of choline to total trimethylamine was found in these animals. Their ability 
to oxidize trimethylamine was somewhat reduced. 


Mrs. Mary Ellen Ferguson made the vitamin A determinations; Miss Helen Frank assisted 
with running the prothrombin times; Mr. R. B. L. Fleming, of the Tennessee Valley Authority, 
furnished the phosphorus; Mr. Robert McCluer rendered technical assistance, and Dr. W. J 
Darby offered guidance. 
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DILEMMA OF OFFICIAL HEALTH AGENCIES AS TO 
COURT APPEARANCE 


WILLIAM G. FREDRICK, Sc.D. 
DETROIT 


M' IST OFFICIAL health agencies are called upon from time to time to appear 
in court. Many such appearances are associated with routine ordinance 
violations and present no particular problem because the agency itself initiates the 
action. The situations that are to be discussed here are those in which the official 
agency is not a litigant but appears as a third party. For purposes of conciseness, 
the discussion will be presented from the standpoint of an official industrial health 
agency in respect to (1) occupational disease situations and (2) neighborhood- 
nuisance problems, but it should be understood that many other matters substantially 
are parallel. 

It should be said at the outset that some industrial health jurisdictions have 
side-stepped the problem by inaugurating legislative actions which declare their 
records to be private, rather than public, and not subject to subpoena. In my 
opinion such action is undesirable and not in the public interest. Interested citizens, 
and especially affected citizens, are entitled to make use of information gathered by 
a tax-supported agency. In fact, such walling off of the agency may substantially 
reduce its effectiveness in promoting healthful conditions at work, even though 
administratively it functions as a service rather than as a policing organization. It 
would appear that the long-range effectiveness of industrial health agencies is better 
served by an open-record policy. 

From a practical standpoint, most of the governmental public health agencies in 
Michigan operate under an open-record policy, and their records are subject to 
subpoena in legal actions. Among these agencies are city, county, and state health 
departments ; city- and state-operated schools, colleges, or universities, and city-, 
county-, or state-operated hospitals and clinics. 


I, OCCUPATIONAL DISEASE CASES 
experience has taught us that these records frequently are desired by litigants 
in workmen's compensation actions. Sometimes such records are wanted because 
of an honest desire on the part of all parties concerned to shed light on an obscure 
situation. Much more frequently the official agent is called, because he tends to 
lend prestige to the side for which he appears. Unfortunately under usual court 
procedure, unless he is deliberately and actively hostile, he unavoidably appears 
partial to the side which called him, It is a known occurrence to find that the records 


Director, Bureau of Industrial Hygiene, Detroit Department of Health. 


Presented at the Conference on Expert Testimony, held at the University of Michigan 
Institute of Industrial Health, Ann Arbor, Oct. 21, 1953. 
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have been called into the case in the hope that some fragment can be unearthed 
from them which will appear either to strengthen a dubious claim or to discredit 
meritorious claims for damages. Such “fishing expeditions” benefit no one tm the 
long run and have contributed substantially to the reluctance of official agencies to 
appear in court. 

A number of difficulties beset the agency which must appear frequently in com- 
pensation litigation. More important among these are (1) loss of neutrality; (2) 
loss of constructive staff time; (3) record-keeping problems, and (4) unproductive 
increase in field and laboratory study time to meet rules of evidence. 

1. Neutrality.—In order to understand the importance of maintenance of neutral- 
ity, it is necessary to explain how most official industrial health agencies function. It 
has long been recognized in general public health practice that a policing and law- 
enforcing approach leads to poor results. One can never write enough laws to cover 
the constantly changing situations that are met in the field or employ enough “public 
health policemen” to enforce them. Public health problems can be solved only by 
cooperative community action. The health agency’s primary responsibility is to 
bring the many resources of the community to bear on the problem in a coordinated 
and effective fashion, and this it accomplishes by dynamic and positive educational 
methods, propaganda, salesmanship, and persuasion rather than by legal action or 
threat of legal action. Healthful work environments are achieved in order to main- 
tain the health of workers at a high level, not to comply with the requirements of 
a code or law. 

The health agency, in order to accomplish results by this method, must enjoy 
the complete confidence of the interested groups in the community and primarily the 
worker groups who occupy the work environments and the management groups who 
must pay for environmental improvements. Frequent appearance in court actions 
soon labels the agency as “pro-labor,” “pro-management,” or, more frequently, both. 
It is the ultimate goal of every industrial health agency to be looked upon as an 
accurate neutral source of unbiased information pertaining to healthful work 
environments and occupational health impairments. 

2. Staff Time.—The practice of nearly all phases of industrial health is primarily 
an applied or field undertaking. Industrial hygiene cannot be successfully practiced 
in an office or laboratory; the bulk of the work must be done in the occupational 
environment. Likewise, industrial medicine and industrial safety, far from being a 
philosophical undertaking, involve direct contact with workers and work environ- 
ments. Official health agencies traditionally are short on man power. Every health 
administrator strives by all means available to make maximal field utilization of his 
staff. Experience has taught that legal actions—and occupational disease actions 
are no exception—are great consumers of field-staff man-hours. Field-staff time 
spent in the courtroom must be directly subtracted from the health promotion and 
occupational disease prevention programs. From a broad standpoint, occupational 
disease compensation is a medicolegal problem and is beyond the purview of a 
public health agency. 

3. Record Keeping.—The problem does not end with the loss of personnel time 
spent in the courtroom. Perhaps of even greater significance is the record-keeping 
problem. Records that are sufficiently complete to satisfy the rules of evidence are 
far more costly to produce and maintain than are those necessary for routine health- 
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promotion and disease-prevention activities. This is especially true of industrial 
hygiene records. The Bureau of Industrial Hygiene of the Detroit Department of 
Health has found it possible to maintain an effective program with a minimum of 
time expended in preparation of records. While the record is sufficient to meet the 
requirements of orderly operation, follow-up, and adequate history, it is quite 
inadequate for proper legal use. Since such a minute percentage of records ever find 
their way into a legal action, it would be quite uneconomic to proceed in any 
different fashion. 


4. Field Data.—Verhaps the greatest economic dilemma arises from the large 
increase in time requirements for environmental studies, the data from which are 
to be introduced into a court action. This best can be illustrated by some specific 
examples. Suppose that the environmental study under consideration is the silica 
exposure in a gray-iron foundry, The composition of molding materials usually 
used in such foundries is well known to the industrial hygienist. Likewise, he knows 
that the silica content of air-borne dust in the average foundry is such as to place 
the upper limit of dustiness of occupied atmospheres at 20,000,000 particles per 
cubic foot. Accordingly, he proceeds to make dust-count measurements about the 
several dusty operations. If dust exposures are found to be excessive, appropriate 
requirements for control measures are made. At no time is any examination of the 
dust made to determine its actual silica content or even to determine if any silica is 
present, The hygienist simply relies upon past experience. The reason for not 
measuring the silica content of every sample is strictly economic. The total cost of 
equipment needed for dust counting is about $250, whereas equipment for measuring 
the silica content of air-borne dust is about 30 times greater. The over-all time for 
making the study is approximately tripled. The extra expenditure involved in 
making the silica determination contributes nothing to the prevention of silicosis in 
the foundry. However, if the results of the study are to be introduced in evidence 
in support of, or defense against, a silicosis claim, the industrial hygienist cannot 
legally state that the dust does or does not contain silica if the silica determination 
was not made. Needless to say, official industrial hygiene agencies do not determine 
routinely the silica content of the dust in a foundry atmosphere. 


Usually the industrial hygienist from an official health agency does not make a 
detailed study of every work area in an establishment. He usually limits his studies 
to those areas of operation which appear to be presenting a health hazard, or if the 
plant is large and his work schedule crowded, he may limit his study to a specific 
work operation which is under complaint. The likelihood of such an abridged study 
precisely defining the work exposures of a specific employee is extremely remote. 
It is obvious that complete studies must include repeated measurements in respect 
to time in every work area of the establishment. Since such complete studies are 
usually not needed for occupational disease prevention, they are rarely made. 


The foregoing examples make it strikingly clear that the industrial hygiene 
agency which expects to do extensive technical testimony work must either dras- 
tically curtail its prevention program or find funds substantially to increase its man 
power. Most administrations feel that the best way out is to avoid the giving of 
technical testimony in occupational disease litigations and devote their primary 
efforts to the prevention of the disease. 
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Some of the problems which confront us have been reviewed. How to solve 
them in the best fashion remains, for the most part, unanswered. Nevertheless, they 
must be faced, and, without any claim as to having found the best answers, the 
procedure followed by the Detroit Bureau of Industrial Hygiene will be described. 

Our fundamental policy, which has already been stated, is that industrial hygiene 
is a phase of preventive public health, whereas compensation for occupational disease 
is a medicolegal problem. 

We offer full cooperation with medical and legal representatives of all parties 
directly concerned with a given situation in a conference and advisory capacity. We 
will discuss frankly the merits of the case, review our findings from previous inspec- 
tions of the workplace, and offer suggestions as to what course of action should be 
taken. As a result of these conferences, many actions are either settled or dropped 
without a detailed hearing in court. 

We maintain a uniform policy of requesting all litigants not to subpoena our 
records, explaining in detail why we think this should not be done. Litigants almost 
invariably comply with our wishes in this respect, and our court appearances under 
subpoena average only one or two a year. 

The outstanding exception to the above-outlined policy arises when an entirely 
new type of occupational disease problem is before the court. In such circumstances, 
we will willingly appear if by our appearance we can contribute information which 
will help create a good court record and a decision which will establish a proper 
precedent in future cases of the same kind. 

Although this policy has proved successful over the past several years, it cannot 
be regarded as an ideal answer. It cannot be denied that the failure of the public 
agency to testify does, in some cases, deprive the worker or the employer of needed 
assistance. Further, the public agency not only may be the best source of unbiased 
factual information available but also is a superior source of well-informed personnel 
capable of giving expert opinion on matters of health—personnel who have no axe 
to grind whatsoever. This is the reason that many firms, and more particularly 
perhaps labor unions, are interested in having government experts testify. 

The partisanship aspects of the problem could be solved by the adoption of a 
procedure whereby the agency appears as a witness for the court rather than for 
the plaintiff or the defendant, but there is in Michigan no practical way for meeting 
the present-day requirements of the rule of evidence and cross examination, 
II, 


NEIGH BORHOOD-NUISANCE CASES 


Neighborhood-nuisance litigation presents a somewhat difficult type of problem 
for which, as yet, no practical solution is available. The primary complaints that 
reach a public health agency involve such items as noise, vibration, odors, and air 
pollution arising from a variety of causes—frequently industrial in nature. The 
complaints are usually based on alleged damage to health. The separation of real 
public health problems from individual health problems, general nuisances, personal 
nuisances, and ulterior motives is a difficult undertaking. This is especially so if 
one accepts the modern definition of health as being a state of physical, mental, and 
social well-being rather than the old definition of freedom from organic illness or 
disease. 

It may be stated at the outset that gross nuisances and health hazards present 
no problem. Either a clear-cut violation of some ordinance or regulation is apparent, 
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or the producer of the nuisance will concede blame. In either event, abatement of 
the nuisance can be accomplished in clear-cut fashion. The trouble arises with the 
lower magnitude or degree of nuisance which cannot be defined by ordinance. Does 
a plainly audible noise from a manufacturing operation constitute a nuisance, even 
though its intensity is considerably below that of the ambient background of traffic 
and living noises? If it is impossible to eliminate the noise, to what extent must it 
be reduced? Will the cost of such reduction be minor or excessive? Which came 
first, the manufacturing plant or the residential neighbors? Is the complaint 
really based upon the noise, or is this simply a means of expressing distaste for the 
presence of an unsightly plant premise? Are some of the neighbors attempting to 
force the owners of the plant to purchase their residential property? Did the com- 
plaint arise from one hypersensitive neighbor who then circulated a petition? It is 
my opinion that these problems can well be decided by a court properly guided by 
expert testimony from a private consultant whenever possible but from a competent 
and experienced public official when necessary. 

Neighborhood-nuisance disputes between industry and householders are best 
resolved where each side retains an experienced counsel and a competent private 
consultant, and the private consultants collaborate as much as possible in their 
investigations. Such a procedure nearly always produces a satisfactory solution with 
a minimal expenditure of funds for litigation, thus conserving funds for the more 
important matter—the abatement of the nuisance when necessary. 

The public official who takes the time and trouble to investigate completely a 
“lesser magnitude” neighborhood nuisance usually finds himself in the awkward 
position of knowing considerable about both sides of the litigation but of having no 
means to project this knowledge to the court under the usual rules of evidence and 
testimony. 

The public official should be permitted to report all the facts of his investigation 
directly to the court and then stand examination and cross examination by both 
parties as required. 

The dilemma of the public health official as to court appearances has been pre- 
sented in part in this discussion. No good resolution of the dilemma is apparent 
under existing court procedure. It is hoped that those able members of the legal 
profession who are concerned with the problem may find a proper solution. 
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AROMATIC HYDROCARBONS 


}. Presence in the Los Angeles Atmosphere and the Carcinogenicity of Atmospheric Extracts 


PAUL KOTIN, M.D. 
HANS L. FALK, Ph.D. 


PAUL MADER, Ph.D. 
AND 
MARILYN THOMAS, B.A. 
LOS ANGELES 


HE INCREASING frequency of lung cancer presents several facets which 
indicate that the atmospheric environment may be etiologically associated with 
this observed increase. A study of the atmosphere and the sources of man-created 
pollutants seems especially indicated with the realization that (1) epidemiologically, 
a disproportionate rise in incidence has been noted in urban population groups by 
Stocks,’ and Kennaway and Kennaway * in England and by Mills and Mills-Porter * 
in the United States, and it is in the urban areas that air pollution is greatest; (2) 
chemically, 3,4-benzpyrene has been demonstrated in the atmosphere by Waller *; 
(3) biologically, air-pollutant source substances have been successfully used to pro- 
duce tumors by Passey,” Passey and Carter-Braine,” Kennaway,’ Leiter, Shimkin, 
and Shear,* Campbell," and McDonald and Woodhouse,'" and (4) socioeconomi- 
cally, the accelerated rate of lung cancer frequency parallels most dramatically the 
industrialization of our society with its concomitant increase in air pollution. 
Simultaneous with an analysis of the atmosphere, a systematic search for the 
sources of carcinogenic air pollutants was undertaken, with the view of identifying 
their origin and determining their ultimate fate following their emission into the air. 
On the basis of accumulated knowledge, the sources chosen to be studied first were 
(1) vehicular exhausts from both gasoline and diesel engines; (2) industrial efflu- 
ents from varied sources, including hydrocarbon emissions from petroleum refining 
and manufacturing installations ; (3) soot and other hydrocarbon emissions second- 


This paper was presented in part at a meeting of the Cancer Prevention Committee in New 
York on Nov. 3, 1953. 

The photographic work was done by Mr. Lloyd Matlovsky, Department of Photography, 
School of Medicine, University of Southern California. 

Engineering data were obtained with the cooperation of Prof. William A. Box, Department 
of Mechanical Engineering, University of Southern California. 

From the Departments of Pathology and Biochemistry, School of Medicine, University of 
Southern California, and the Laboratory of the Los Angeles County Air Pollution Control 
District. 

This investigation is being supported by a grant from the Field Investigations and Demon- 
strations Branch, National Cancer Institute, National Institutes of Health of the Public Health 
Service. 
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ary to commercial production and utilization of carbon blacks, and (4) metal fumes 
and dusts from steel mills, smelters, and heavy equipment manufacturers. Engine 
exhausts were chosen for the initial source studies, as their index of suspicion was 


among the highest, and the biological and analytical data resulting from their 
investigation are to be recorded in subsequent articles. Additional sources of 
carcinogenic hydrocarbon emissions into the atmosphere studied include refuse 
incineration, rubber-tire wear and degradation products, and asphalt manufacture 
air-pollutant by-products. Quantitative and biologic studies will be published at a 


200 240 280 320 360 400 am 


Fig. 1—Absorption spectrum of a compound isolated from the atmosphere in two large 
atmospheric samples studied. Identification has not been established. 


future date. The present report concerns itself with the collection of atmospheric 
samples, their chemical analysis, and their use for biologic investigation. 


COLLECTION OF SAMPLES 


Atmospheric samples were collected in cooperation with the Los Angeles County Air 
Pollution Control District by means of a large volume sample collector.11 The blower filter 
assembly has a capacity of 102 cu. ft. (2.8 cu. m.) per minute, its filter paper mount stands 
15 ft. (38 cm.) above the ground and accommodates filter paper measuring 18 by 24 in. (45.7 by 
61 cm.). Two large samples were collected for analysis and biological use. The first was 
collected from Aug. 1 to Oct. 15, 1952, during the so-called smog season and represents actual 
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sampling covering 42 eight-hour days. The second was collected from Oct. 21, 1952, to June 1, 
1953, during the nonsmoggy season, and 59 eight-hour periods were utilized for sampling. The 
blower was operated on an interrupted schedule to conform with the working day and periods 
of air-pollutant concentration. Each paper was used for six to seven days of air filtration, and 
in addition to the time-interval control, the darkening of the filter paper was also noted. Ether- 
washed Whatman No. 43 filter paper was used throughout the entire period of this phase of 
sample collection. Sample 1 was collected at 5200 S. Santa Fe St., Vernon, Calif., a highly 
industrialized area. Sample 2 was collected at 700 N. Alameda St., Los Angeles, adjacent to 
an area of high traffic concentration. 


CHEMICAL STUDIES 


Filter papers collected from each sample were stored in a dark closed area and pooled for 
extraction in a Soxhlet apparatus with distilled thiophene-free benzene. Each extraction was 
continued for three days. The benzene solution was strongly fluorescent during the extraction. 
After the extraction the sample was taken to dryness under nitrogen and prepared for 
chromatography. 

Chromatographic separation was performed through 20 mesh activated alumina in a column, 
45 cm. long and 17 mm. in diameter. The chromatogram was developed by the use of petroleum 
ether initially followed by increasing concentrations of peroxide-free ethyl ether in petroleum 
ether. Fractionation was based on color and fluorescence under ultraviolet light; 10 initial 
fractions were collected in 30 ml. bottles for Air Sample 1, and eight initial fractions were 
collected for Sample 2. These were subjected to analysis in a Beckman Model DU spectro- 
photometer for qualitative and quantitative determinations. Characterization and quantitative 
estimation was based solely on the presence and magnitude of absorption maxima of between 
280 and 440 mw. Ether was used for all determinations. Purification of the significant fractions 
was undertaken by repeated chromatography and by cold, concentrated sulfuric acid extraction.’ 


Qualitative analysis revealed the presence of chrysene, pyrene, 1, 2-benzpyrene, 
3,4-benzpyrene, 1,12 benzperylene, and Compound Y in both large air samples 
analyzed. The absorption spectrum of Compound Y, an unidentified pericondensed 
aromatic ring system, is shown in Figure 1. Of interest was the failure to demon- 
strate Compound X, anthanthrene, and coronene in both samples, as all three were 
demonstrated in extracts of gasoline-engine exhaust, diesel-engine exhaust, and 
incinerator soot. 

Results of quantitative analysis are shown in the following tabulation : 


Sample 1 
Amount in Me 


Sample 2 
Amount in Mg. 


Per Per 


Compound Total 1,000,000 Total 1,000,000 
3,4-benzpyrene .... 1M OM” 2 35 0.384 
1,12-benzperylene .... 145 1.00 0.72 0.35 


BIOLOGICAL TESTS FOR 


CARCINOGENICITY 

Seventy-six 3-month-old C57 black mice obtained from the Roscoe B. Jackson 
Memorial Laboratory were used in this experiment. They were fed a standard 
laboratory diet and given water ad libitum. They were housed in solid-bottom 
stainless steel cages and were approximately equally divided as to sex. Paintings 
were performed three times weekly in the interscapular area with a benzene solution 
of the extracts of natural smog by means of a red rubber-capped glass dropper. 
Kach droplet measured approximately 0.5 minim. Epilation occurred early, and 
in the mice dying during the first stage of the experiment as a result of toxicity or 
intercurrent infection, cutaneous atrophy was noted. 

The first tumor appeared in 15 months and 3 days (465 days) after the initiation 
of painting. There were 31 survivors at the time of the appearance of the first 
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tumor, and 13 tumor-bearing mice have thus far been demonstrated. The tumors 
all began as papillomas, primarily in the painted area, with a scattering of tumors 
behind the ear and laterally over the dorsum of the thoracolumbar region (Figs. 
2 and 3). ; 

The benign papillomas appeared as verrucous growths and were usually from 1 
to 3 mm. when first noted. As they progressed in size, satellite lesions occasionally 
appeared. Microscopically, they were characterized chiefly by intensive hyperplasia 
and outstanding hyperkeratosis of the epithelium. No consistent pattern of the base 

as grossly observed, with variations extending from a constricted pedicle to a 
broad expanding base (Figs. 4 and 5). Growth was both exophytic and endophytic, 
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Fig. 2.—Skin papilloma measuring 0.8 by 0.8 by 0.2 cm. The apex is cornified; the base is 
broad and firm. The mouse died of pneumonia. 


Fig. 3.—Squamous-cell cancer measuring 1.3 by 1.8 by 1.5 cm. The top has ulcerated with 
subsequent crust formation. The base is firm, and the surrounding skin is indurated and 
thickened by lateral extension of the tumor. 


primarily the former but in all cases within the limits of benignity. Several papil- 
lomas contained cystic areas filled with varying amounts of keratin, while others 
presented external concavities, the bases of which were filled with keratin plugs 
(Fig. 6). Marked epithelial hyperplasia surrounded many of the keratin cysts. The 
natural history of the papillomas followed one of three courses. They were transient 
and regressed, they remained as benign papillomas until death, or they underwent 
carcinomatous change. 

Carcinomas were first manifested by increases in the size of papillomas in associ- 
ation with infiltration and induration of the base and the surrounding skin. Ulcera- 
tions within the tumor area were frequent (Fig. 7). Hyperkeratinization was a 
156 
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Fig. 4.—Skin papilloma. The peduncle is narrow, and hyperkeratosis is prominent. 
Basal cell proliferation is marked. The musculature of the skin shows no invasion. 
Note multiple tumors. » 25. 

Fig. 5.—Skin papilloma. The base is broad. Keratin cysts and keratin plugs are 
prominent. x 20. 
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Fig. 6.—Skin papilloma. Higher power photomicrograph of Figure 5, showing 
squamous epithelial hyperplasia, keratin cyst formation, and keratin plugging of epithelial 
cups in detail, 65. 

Fig. 7.—Squamous carcinoma with invasion and destruction of musculature of the 
skin. x 30. 
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Fig. &—Squamous carcinoma. Higher power photomicrograph of Figure 7, showing 
pearl formation, keratohyalin masses, and anaplasia. 65 

Fig. 9.—Squamous carcinoma showing prominent spindle-cell component. Tumor 
origin from squamous epithelium is noted. x 30. 
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prominent gross feature in all tumors at some stage of their development. Carcinoma 
development was observed in isolated instances at sites from which papillomas had 
previously spontaneously disappeared. 

Microscopically, the carcinomas produced were of squamous origin and showed 
varying amounts of pearl formation (Fig. 8). A prominent feature in many was 
the presence of a marked spindle-cell component (Fig. 9). In some this was so 
great that only after diligent search was it possible to demonstrate the epithelial 
origin of the neoplastic process. In some tumors atypical changes in the skin adnexa 
were also noted, mimicking in some instances adenomata of sebaceous gland origin 


"as a result of the marked sebaceous epithelial hyperplasia. One cancer proved to be 


of unquestioned basal cell origin, while another cancer seemed to grow from hair 
follicle epithelium. The criteria established for the diagnosis of cancer included, in 
addition to the usual atypical cellular change, the invasion and destruction of the 
underlying deep muscle of the skin. Except for local spread and axillary lymph node 
involvement, no metastases were observed. It should be noted that involvement of 
deep musculature was not an uncommon occurrence. 

In addition to the papillomas and carcinomas described, tumors of other sites 
and systems were observed at routine autopsies of all experimental and control mice. 
These will be discussed in subsequent papers. 

Among the 31 mice alive at the time of the appearance of the first tumor, a total 
of 13 tumor-bearing animals have been found. This 42% figure of positive tumor 
production is subject to upward revision in view of the possibility of tumor demon- 
stration in nine remaining mice. Among the 13 tumor-bearing animals, nine car- 
cinomas were proved. Multiple tumors occurred in four mice, with one mouse 
having a total of five. 

Benzene controls were housed and painted in an identical manner to that of the 
test animals. Sixty-nine C57 black mice were used as controls, and 37 were alive 
at the time the first tumor appeared in the test animals. No skin tumors were seen 
in the control mice. 

COMMENT 


The demonstration of carcinogenic hydrocarbons in the atmosphere and the pro- 
duction of skin cancers in C57 black mice by the painting of atmospheric extracts 
is self-explanatory. Certain elaborations are necessary, however, in attempting to 
explain (1) the high tumor yield in the face of relatively low concentrations of 
3,4-benzpyrene in the atmosphere, (2) the low concentration of 3,4-benzpyrene in 
the air in view of the known high quantitative emissions from vehicular sources and 
other origins, and (3) a mode of biological activity for the carcinogenic air pol- 
lutants in the pathogenesis of human lung cancer. 

The demonstration of approximately only 900 y of 3,4-benzpyrene per 1,000,000 
cu. ft. (28,300 cu. m.) of air in two successive samples suggests that carcinogenic 
materials other than 3,4-benzpyrene may be present in the atmosphere. The poly- 
cyclic hydrocarbons demonstrated along with benzpyrene in the air are traditionally 
noncarcinogenic or of such low carcinogenicity as to preclude any significant bio- 
logical effect on their part insofar as is known. We have remaining either unknown 
compounds, such as that already demonstrated and designated Compound Y, or 
perhaps other unknown substances whose carcinogenicity must be assayed. While 
this will be done, their presence is in trace quantities, and so high an order of 
tumor-yielding potency must be ascribed to them as to make this conclusion 
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unlikely. A second source of carcinogenic activity may be sought for in the oxida- 
tion products of atmospheric hydrocarbons. Haagen-Smit '* has clearly shown that 
the chief characteristic of urban-polluted air is its marked oxidizing capacity. This 
phenomenon is capable of acceleration in sunlight and heat. It is of interest to note 
that biological responses, including eye inflammation, upper respiratory tract irrita- 
tion, and specific leafy plant damage, are attributable—at least in part—to these 
organic oxidation products. 

In the stages of oxidation of organic peroxides to aldehydes and ketones, the 
epoxide stage may well be an intermediate one. Inferentially, a diepoxide stage may 
be assumed which would provide materials of experimentally proved carcinogen- 
icity in the atmosphere. The hypothetical presence of epoxides and the chemically 
assumable diepoxides, in addition to other hydrocarbon oxidation products, are thus 
in need of definitive investigation, which program is now in the process of initiation. 
It is of significance to note that in painting experiments on C57 black mice with 
the use of oxidation products exclusively two papillomas have thus far been 
produced. 

The fate of polycyclic hydrocarbons in general and of 3,4-benzpyrene specifically 
following emission into the air is in need of definition in view of the large quantities 
of benzpyrene emitted into the atmosphere from gasoline-engine exhausts,'* diesel- 
engine exhausts,'® and refuse-incineration sources.'® 

The effects of urban air pollution (smog) and certain of its individual pollutant 
constituents on the survival of 3,4-benzpyrene have been investigated in a preliminary 
manner. Benzpyrene may be recovered from 96 to 100% following exposure to oxy- 
gen, ozone, or gasoline separately. Exposure to nitrogen dioxide resulted in approxi- 
mately a 40% recovery of benzpyrene. Ozone plus nitrogen dioxide and ozone plus 
nitrogen dioxide plus gasoline each resulted in destruction of approximately 40% of 
the benzpyrene. Finally, ozone plus gasoline yielded approximately an 80% recovery 
of benzpyrene. Techniques and analytical methods used in the above initial determi- 
nation and additional detailed quantitative studies will be recorded in a future publi- 
cation concerned with efforts to determine the fate of carcinogenic hydrocarbons 
adsorbed on soot."? 

A review of the literature cannot but impress one that the experimental produc- 
tion of lung tumors by inhalation methods in C57 black mice has been generally 
unsuccessful. Experimental and clinical hydrocarbon environmental cancers thus 
far reported have been primarily limited to the skin. Evidence exists that this dis- 
parity may be due to the fact that carcinogenic hydrocarbons are biologically inetfec- 
tive while adsorbed on soot particles within a given size range, becoming effective 
only upon elution or displacement from the soot particle. The sebaceous secretions 
on the skin may provide the lipid solvent to elute the carcinogenic hydrocarbons from 
soot, while in the lungs no such eluting agent is present. 

The foregoing does not preclude, however, an association between air pollution 
and lung cancer when an external eluting agent is present in the atmosphere in com- 
bination with soots. Under urban conditions, gasoline vapors and more significantly 
their gaseous oxidation products in aerosol form are present in combination with soots 
allowing for the simultaneous breathing of the components. A solvent has thus become 
available to extract aromatic polycyclic hydrocarbons from soot so as to allow their 
activity on the respiratory mucosa. This liberation of, for example, 3,4-benzpyrene— 
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one of the polycyclic hydrocarbons—from the soot to which it had been previously 
harmlessly adsorbed permits its local action, with resultant theoretically possible can- 
cer initiation. 

An additional factor, which may also be of considerable significance, is that of the 
particle size of pollutants in the air, since settling on the respiratory mucosa is obvi- 
ously necessary for carcinogenesis. Aerosol particles, lying in the range between 
those large particles incapable of passage distal to the upper respiratory tract and 
those small particles which remain suspended in the tidal air, are present in urban- 
polluted atmosphere. 

Much of the interest in the present study stems from some of the geographic and 
epidemiologic aspects of the increase in lung cancer. It appears that there are (1) 
differences in the starting periods from which the increase may be assumed to have 
begun, (2) variations in the incidence in the two sexes from country to country, and 
(3) different rates of acceleration of incidence in various localities.’* These charac- 
teristics are capable of correlation with the incrimination of the atmosphere as a 
pathogenetic factor in the increased incidence of lung cancer on the basis of studies 
of Hueper,’® Steiner and associates,*° Stocks,’ and Kennaway.** Not only have urban- 
ization and industrialization been nonuniform in their development, but the rural dis- 
tribution of urban-created air pollutants requires studies from the point of view of 
frequency of contamination and dilution of the contaminants. 


SUMMARY AND CONCLUSION 


The atmosphere of a large, urban, primarily petroleum-polluted community has 
been analyzed, and carcinogenic hydrocarbons have been demonstrated as part of the 
over-all picture of air pollutants. Extracts of atmospheric samples have been success- 
fully used to produce skin papillomas and skin cancers on C57 black mice. 

The presence of aliphatic hydrocarbons and their oxidation products in the atmos- 
phere is offered as being of significance in the pathogenesis of lung cancer, first, by 
providing an eluent for the separation of adsorbed carcinogenic hydrocarbon from 
soot particles in the air and, second, by the formation of various chemical compounds 
from unsaturated hydrocarbons, including theoretically the formation of diepoxides 
whose experimental carcinogenicity has been reported. 
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AROMATIC HYDROCARBONS 


Il. Presence in the Particulate Phase of Gasoline-Engine Exhausts and the Carcinogenicity 
of Exhaust Extracts 


PAUL KOTIN, M.D. 
HANS L. FALK, Ph.D. 


AND 
MARILYN THOMAS, B.A. 
LOS ANGELES 


N A SYSTEMATIC search for the sources of air pollutants which might be 
responsible for the presence of known and suspected carcinogens in the atmos- 
phere, gasoline-engine exhaust products, diesel-engine exhaust products, various 
industrial effluents, and home and commercial refuse incineration were recognized as 
some of the many sources in need of study. Exhaust products from gasoline engines 
were chosen for initial investigation, as their index of suspicion as an emittent source 
of carcinogenic hydrocarbons is high by virtue of the known carcinogenicity of certain 
products of incomplete combustion in gasoline engines and the universality of their 
distribution throughout the civilized world. 


Attempts to correlate exposure to exhaust products from gasoline engines with 
cases of human lung cancer were reported by Brockbank ' and Hutchinson.’ No spe- 
cific conclusions could be drawn as to an etiologic or pathogenetic association by 
these workers. Experimental attempts to produce cancer of the lung or skin in mice 
by exposure to exhaust products in their natural state or by use of extracts have 
been in the main unsuccessful. Campbell,’ Smith,‘ and Twort and Twort ° all reported 
negative experimental results. Campbell concluded, “Under ordinary conditions 
in traffic blocks and in well-ventilated garages, exhaust gases must play little or no 
part in the production of lung cancer.” 


Since attempts to control the emissions from vehicular exhausts would be costly 
in both time and money, a proper assessment of their role was undertaken as the first 
step in a comprehensive detailed attempt to screen atmospheric pollutant sources 
insofar as carcinogenic substances are concerned. This pollution source is an ever- 
increasing one, and its study in Los Angeles County is of particular interest in that 


From the Departments of Pathology and Biochemistry, School of Medicine, University of 
Southern California. 

This paper was presented in part at a meeting of the Cancer Prevention Committee in New 
York on Nov. 3, 1953. 

The photographic work was done by Mr. Lloyd Matlovsky, Department of Photography, 
School of Medicine, University of Southern California. 

Engineering data were obtained with the cooperation of Prof. William A. Box, Department 
of Mechanical Engineering, University of Southern California. 

This investigation is being supported by a grant from the Field Investigations and Demonstra- 
tions Branch, National Cancer Institute, National Institutes of Health of the Public Health 
Service. 


164 


' 


HYDROCARBONS IN) GASOLINE-ENGINE 


EXHAUSTS 


a large number of automobiles (2,000,000) are driven an average of 15,000,000 miles 
per day and add their pollution products to a frequently already highly polluted 
atmosphere known as smog. 

Air pollutants from gasoline-@ngine exhausts ate basically similar to che products 
from many other sources of air pollution. Unburned gasoline vapors, their products 
of partial oxidation, organic acids, aldehydes and ketones, oxides of nitrogen, and 
soot are some of the substances common to many pollutant sources, and much of the 
data obtained from this study will be applicable to secondary sources of similar pollu- 
tant materials. An additional comment must also be made on the fact that this initial 
report deals with the particulate phase of gasoline-engine exhausts. In addition to the 
universality of air pollution from vehicular exhausts, their constituents contribute to 
a theoretical mechanism whereby the atmosphere with its soot content may be associ- 
ated with clinical pulmonary carcinogenesis. 

The present report is concerned with the conditions under which gasoline-engine 
exhaust emissions contain hydrocarbon products of incomplete combustion. Qualita- 
tive and quantitative determinations of the exhaust products were undertaken under 
varying conditions of engine operation. Finally, extracts of the exhaust-product sam- 
ples were used in biological carcinogenic studies on C57 black mice. Samples were 
collected in separate particulate and gaseous phases in Lucite filters by a method 
already described.” Studies on the particulate phase are recorded here exclusively, 
CHEMICAL STUDIES 
A. Collection of Samples.—In all, 125 sample-collection experiments were carried 
out on a blocked Ford V-8 gasoline engine, which had been overhauled in 1946, prior 
to installation in the School of Engineering of the University of Southern California. 

Preliminary experiments established that reliable sample collections could be made 
for only short periods of up to two minutes, and subsequent collections were timed 
as one-minute samples or shorter when indicated. Saturation of the filter paper and 
limitations in our sampling equipment necessitated the short collection periods. 
Throughout the period of study no changes were made in the engine, gasoline, lubri- 
cating oil, or filter paper. The collected samples were stored at room temperature and 
analyzed within a two-week period. 

B. Extraction of Aromatic Hydrocarbons from Filter Papers._-Four analyses 
were run simultaneously. The filter paper was cut into small fragments and extracted 
in a 250 ml. beaker with four portions of 25 ml. hot redistilled benzene. Most extracts 
were yellow or orange solutions with a blue-green fluorescence. The same procedure 
of extraction was used for all samples, even though it was found that complete extrac- 
tion of fluorescent material from the richer samples required many more extractions. 
The first four extractions, however, contained most of the material of interest in these 
studies. The solutions were filtered into standard-taper, 200 ml., round-bottom flasks, 
and the filtrates were taken to dryness under vacuum on a hot water bath. 


C. Chromatographic Separation of Hydrocarbons.—To the dried residue, 1 gm. 
of activated alumina was added, along with | to 2 ml. of petroleum ether, and by 
rotation and shaking the residue was quantitatively adsorbed on the alumina. The 
petroleum ether was evaporated, and the dry alumina was easily transferred to pre- 
pared columns. 


165 


43 
a 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


The columns consisted of 8 mm. diameter glass tubing, 30 cm. long, with one end 
widened out into a funnel and the other one narrowed to a small orifice. The region 
immediately above the narrowing was blown out to a sphere, 15 mm. in diameter. 
A small ether-washed pebble was placed into the orifice to prevent loss of alumina. 
Into the dried tube 2 gm. of activated alumina was placed. To this column the resi- 
due previously adsorbed on alumina was transferred. 

The chromatogram was developed with the solvent mixture of 10% peroxide- 
free ether in petroleum ether, and fractions were collected in 15 mil. bottles. Frac- 
tionation was based on color and fluorescence under ultraviolet light. The eluates 
separated into a colorless purple fluorescent solution, a colorless strongly blue flu- 
orescent solution containing pyrene, a yellow nonfluorescing fraction containing an 
unidentified compound, a yellow blue-green fluorescing solution containing benz- 
pyrene and anthanthrene, and an orange solution with diminished fluorescence. 

This last fraction was taken to dryness under a stream of nitrogen and was 
transferred to a strip of alumina-impregnated filter paper (Whatman No. 54) for 
paper chromatography with the use of the technique of Datta and Overell.* The 
residue was dissolved in ether and was transferred to a paper strip (20 cm. and 
2 cm.), being placed about 1 cm. from its end. Separation followed into fast- 
moving, slow-moving, and nonmotile fractions by ascending chromatography in 
petroleum ether over a 30 minute period. The paper strips were suspended from 
a corkboard covering a glass jar, 5 by 12 by 21 em. 

D. Spectrophotometric Analysis—Qualitative and quantitative determinations 
were carried out on a Beckman Model DU spectrophotometer. Identification and 
quantitative estimation was based solely on the presence and magnitude of absorp- 
tion maxima between 280 and 440 mp. Ether was used for all determinations. 

E. Limitation of Quantitative Estimations.—Although duplicate samples were 
made of all conditions studied, variations were encountered from one run to the 
next. These were due to small errors and losses encountered in the running of the 
engine, timing of the collection, and storage of the samples. In addition, losses were 
found to occur on chromatography on alumina and to a smaller extent on paper 
chromatography. Estimation of coronene was omitted, although this compound 
was present whenever the aromatic hydrocarbons were detected, because quantita- 
tive transfer to the paper strip was never obtained. Consequently, the data are 
regarded as semiquantitative rather than absolute determinations of quantities of 
aromatic hydrocarbons present under different conditions. 

In view of the semiquantitative nature of some of the data, the problem pre- 
sented itself as to the need for further data refinement at this stage of the investi- 
gation. It was concluded that such further study at present would provide little, 
if any, additional information in support of the general thesis of this report. The 
aim of this initial phase of our program is satisfied by the data presented in that the 
limits of the extrapolation of the results are reached with them. It is possible to 
utilize the data in the interpretation of the effect of traffic conditions on the produc- 
tion of carcinogenic air pollutants. Secondly, the purpose of the investigation is 
well served by the degree of accuracy attained in that the problem is a biological 
one primarily, with the chemical and engineering facets being of significant but still 
secondary importance. Carcinogens have been demonstrated ; tumors have resulted 
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Fig. 1.—Structural formula of aro 
matic polycyclic hydrocarbons present 
in soot produced by gasoline engine. 
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Fig. 2—Absorption spectrum of a compound isolated 
from gasoline-engine exhaust emissions. Identification 
has not been established. 
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from their experimental use, and a theoretical explanation for their mode of action 
in pulmonary carcinogenesis is offered. Refinements in engineering and chemical 
data are now in progress. 


RESULTS 


Preliminary studies had revealed the ultraviolet absorption spectra of the follow- 
ing aromatic polycyclic hydrocarbons present in the soot produced by a gasoline 
engine: pyrene, 3,4-benzpyrene, 1,2-benzpyrene, 1,12-benzperylene, anthanthrene, 
and coronene (Fig. 1). In addition, an unidentified orange crystalline compound, 
referred to as Compound X, was isolated and characterized by its absorption spectrum 
( Fig. 2). The absorption spectra of the compounds identified were identical with those 


Tas_e 1.—Aromatic Hydrocarbons Estimated in One-Minute Samples of Gasoline Exhaust, 
with Varying Load on the Engine 


Quantities Expressed in Micrograms at Two Different Revolution Speeds 


Pyrene, Compound X, Benzpyrene, Benzperylene, Anthanthrene, 
Rpm Rpm Rpm Rpm Rpm 
Load 1,000 2,500 1,000 2,500 1,000 2.500 1,000 2,500 1,000 2,500 
434 346 825 127 61 25 177 70 1m 31 
35 0 0 0 45 0 17 1 
26 3 0 1 0 5 0 0.3 0 
0 
0 


Tas_e 2.—Aromatic Hydrocarbons Estimated in One-Minute Samples of Gasoline Exhaust, 
with Varying Engine Revolution Speeds 


Quantities Expressed in Micrograms at Zero Load 


Rpm “Py rene Compound X Benzpyrene Benzperylene Anthanthrene 
225 280 120 235 153 

PkenbancdnctvhaSoesncddlesescostocnd 374 142 40 73 27 

346 127 % 70 31 


previously found in products of incomplete combustion, i. e., incinerator soot and 
commercial furnace blacks. 

The gasoline engine was run under various conditions to simulate and evaluate 
soot production under city traffic conditions. Variations were introduced in the 
number of revolutions per minute, the load on the engine, and the effect of acceleration 
and deceleration. The performance of the engine when cold was also studied but was 
found to be similar to the performance of a warm-running one. 

The expectation that production of aromatic hydrocarbons would be in a simple 
proportion to soot production and that all aromatic hydrocarbons would be pro- 
duced at a constant rate and ratio under all conditions was found to be unjustified. 
Results of conditions studied are found in Tables 1 and 2. Figures 3 to 7 show 
variations in aromatic hydrocarbon exhaust emissions, with variations in speed and 
load. 

Production of Aromatic Hydrocarbons as a Function of Rpm.—The over-all 
picture was found to be the same for all hydrocarbons ; as the speed of the engines 
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increased, the quantity of hydrocarbons emitted decreased. However, maximum 
production of hydrocarbons varied with individual compounds. Pyrene was pro- 
duced most at 1,500 rpm, while benzpyrene, benzperylene, and anthanthrene gave 
highest yields at 500 rpm, and Compound X gave a maximum yield at 1,000 rpm. 
Thus, it appears that the formations of pyrene and Compound X are independent 
of each other and of the remaining hydrocarbons, while benzpyrene, benzperylene, 
and anthanthrene may be produced in the same proportions under all conditions. 
The production of the various aromatic polycyclic hydrocarbons per minute sample 
at zero load, with variations in rpm, is shown in Figure 8. 
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Fig. 8—-Exhaust emission of the various aromatic polycyclic hydrocarbons, per minute 
sample at zero load, with variations in rpm. 


Production of Hydrocarbons as a Function of Load—aAt any given rpm rate, 
the quantity of aromatic hydrocarbons produced varied with the load under which 
the engine was running. Thus, at one-fourth load (22 Ib.) the amount of hydro- 
carbons liberated had decreased to a small fraction of the amount produced at 
zero load. Further increase in load decreased the yield of hydrocarbons very 
quickly to near zero or zero for all hydrocarbons studied. 

Production of Hydrocarbons as a Function of Change of Speed—The compounds 
present in soot were studied under conditions of acceleration and deceleration dur- 
ing various ranges of speed. The largest production of all hydrocarbons occurred 


170 


| 
| 
| 
| 


HYDROCARBONS 


GASOLINE-ENGINE EXHAUSTS 


during acceleration and deceleration between 1,000 and 1,500 rpm, at which time 
much larger quantities of hydrocarbons were produced than on idling at these 
speeds. The greatest increase in hydrocarbon production was primarily noted 
during acceleration. During deceleration the quantities produced were similar to 
idling. 

Quantitative Data on Individual Hydrocarbons.—Pyrene was present in the 
largest amount in all samples, except on acceleration and deceleration between 
2,500 and 3,500 rpm when it was virtually absent. Under conditions of maximum 
hydrocarbon production (acceleration between 1,000 and 1,500 rpm), 7.5 mg. of 
pyrene was formed per minute. With the use of this figure as 100%, Compound 
X was present in 66% of the concentration of pyrene, benzperylene in 25%, anth- 
anthrene in 12.5%, and benzpyrene in 10%. 

Extrapolation of Data to City Traffic.—It is apparent that the worst conditions 
for a gasoline-powered vehicle from an emission viewpoint occurred during accel- 


TABLE 3.—Conversion Table 


Level Road Engine Speed, 


Speed, Mph Rpm 
20.5.... 1,000 
90.8.... 1,500 
41.0...... 2,000 
2,000 
61.5... 3,000 
3,500 


2.0... 4,000 


Rear axle ratio 4.0 
Tire diameter 27% in 


mph = motor speed * tire dimension 


axle ratio 


eration from low speed, followed by idling at low rpm (idling at set low), and 
finally during deceleration. At low speeds deceleration is quantitatively similar to 
idling. The factor of load variation may be ignored in these particular computations 
in that hydrocarbon production variation under varying load is a small factor of 
that produced under zero load. Since the determinations were made on a stationary 
Ford V-8 engine with dynamometer attachment, extrapolation to traffic conditions 
was effected by the equation in Table 3. The resulting data are also included in this 
table. 


BIOLOGICAL 


TESTS 


FOR CARCINOGENICITY 


In view of the presence of all aromatic polycyclic hydrocarbons described in the 
exhaust products of the gasoline engine under a majority of conditions of operation, 
the results of the painting experiments are combined for the particulate phase samples 
and for the gaseous phase samples. As mentioned previously, data on the former alone 
are presented here. 

One hundred eight C57 black mice obtained from the Roscoe B. Jackson Memorial 
Laboratories were used in these experiments. The experimental animals and their 
controls were fed and housed identically to those reported in the preceding paper.* 
Samples for painting were obtained at frequent though irregular intervals and were 
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extracted in distilled thiophene-free benzene, then concentrated for painting. The 
painting technique has been previously described. The first tumor appeared in 13 
months and 25 days (390 days) after the initiation of painting. Eighty-six mice sur- 
vived at the time of the appearance of the first tumor, and 38 tumor-bearing mice have 
thus far been demonstrated. The tumors all began as papillomas, except in two 
instances where the primary development of a carcinema was conciuded. Figure 
9 shows a multiple-papilloma-bearing mouse and Figure 10 a cancer-bearing mouse. 


Fig. 9—Multiple skin papillomas in C57 black mouse measuring 0.3, 0.5, 0.8, and 1.3 cm. 
in their greatest diameters, respectively. Mouse died of pyelonephritis. 


Fig. 10.—Squamous cell carcinoma in C57 black mouse measuring 1.3 by 1.7 by 1.2 cm., 


showing ulceration. The base is firm; the surrounding skin is thickened and elevated. The 
edges are rolled. 


In general, the gross and histopathologic appearances of the papillomas were 
similar to those reported as resulting from our atmospheric studies. Certain dis- 
tinctive histopathologic characteristics were observed and are worthy of note. 

The incidence of multiple tumors was remarkable. More than 60% of the 
tumor-bearing animals bore multiple tumors, with two mice having five individual 
papillomas and three having four papillomas. Figures 11 and 12 show instances of 
multiple papilloma formation and single papilloma formation, respectively. 

Sebaceous gland hyperplasia occurred in five tumor-bearing mice. In some this 

jas SO prominent as to suggest an adenoma of sebaceous gland origin. In all cases, 
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Fig. 11.—Skin papillomas. Multiple keratin cysts and keratin plugs are promi- 
nent. (x 10). 

Fig. 12—Skin papilloma under higher power. Musculature of skin free of 
invasion. Keratin cysts and keratin plugs are very prominent. (% 35). 


, 
. as 
j 
; 
173 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


Fig 13.—Diffuse hyperplasia of sebaceous gland epithelium in “adenoma-like” pat- 
tern. Lesion is not considered an adenoma. (x 240). 
Fig. 14.—Area of spindle-cell metaplasia in squamous-cell carcinoma. (x 240) 
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Fig. 15.—Low-power section of squamous carcinoma apparently arising in preexist- 
ing papilloma. Musculature of skin invaded and destroyed at carcinoma site. Surface 
of carcinoma has ulcerated. (x 20). 

Fig. 16.—High-power section of edge of squamous carcinoma shown in Figure 15. 
(x 125). 

Fig. 17—Squamous carcinoma showing destruction of deep musculature of skin 
and perineural lymphatic invasion. (% 240). 
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however, typical areas of squamous epithelial tumor formation were demonstrated, 
and the sebaceous epithelial hyperplasia was regarded as being an associated 
response to the material used for painting (Fig. 13). 

A frequent finding was the presence of large spindle-cell components in areas 
of squamous carcinoma. This was so prominent in some cases that cancer origin 
from squamous epithelium was proved only after study of several microscopic sec- 
tions. Areas of spindle-cell metaplasia and epidermoid carcinoma are shown side 
by side (Fig. 14). 

The criteria established for the diagnosis of carcinoma were identical to those 
reported in our atmospheric studies,” and Figures 15 and 16 show low- and high- 
power sections of typical cancers. Figure 17 shows deep muscle destruction and 
perineural lymphatic invasion by the cancer. Metastases were local, being limited 
to the underlying deep muscle and regional lymph nodes. 


Among the 86 mice alive at the time of the appearance of the first tumor, a total 
of 38 tumor-bearing animals have been found. This 44% figure of positive tumor 
production is subject to upward revision in view of the possibility of tumor demon- 
stration in 16 remaining mice. In 22 of the 38 tumor-bearing animals, carcinomas 
were demonstrated. A total of 68 individual tumors have thus far been counted. 


Benzene controls were housed and painted in an identical manner to that of the 
test animals. Sixty-nine C57 black mice were used as controls, and 42 were alive 
at the time of the first tumor appearance in the test animals. No skin tumors were 
seen in the control mice. 


In addition to the papillomas and carcinomas described, tumors of other sites 
and systems were observed at routine autopsies of all experimental and control mice. 
These will be discussed in subsequent publications, 


COMMENT 


In properly assessing the role of gasoline-engine exhaust as a source of carcino- 
genic hydrocarbon air pollutants, its quantitative concentration in the air in associ- 
ation with actual vehicle operation and traffic conditions is desirable. Utilizing data 
obtained by the Los Angeles County Air Pollution Control District,'® it was found 
that in an automobile traversing Los Angeles County through residential, industrial, 
downtown, and high-speed semirural areas during periods of both peak and nonpeak 
traffic 18% of the time the engine was idling, 18% of the time it was decelerating, 
18% accelerating, and 46% cruising. The amount of polycyclic hydrocarbons and 
soot emitted was maximal on acceleration, with the total decreasing on deceleration 
and idling. Conversely, however, the amount of uncombusted gasoline liberated 
through the exhaust was maximal during deceleration, followed by idling; it was 
minimal on cruising and acceleration. 


If, as suggested previously, the required circumstances for benzpyrene in the 
atmosphere to be effectively carcinogenic include the presence of soot, hydrocarbon 
aerosols, and hydrocarbon oxidation products, we have during idling such exhaust 
emissions into the air. Acceleration produces soot with smaller amounts of gasoline ; 
deceleration produces gasoline but less soot, while cruising represents automobile 
exhausts in their most innocuous form. The above, of course, does not preclude the 
availability of soot or aerosols from other simultaneous pollutant sources to produce 
the activating environmental factors. 
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A limiting factor on the concentration of carcinogenic hydrocarbons in the Los 
Angeles atmosphere may well be the strong oxidizing capacity of the atmosphere. 
While this may partially destroy some of the carcinogenic hydrocarbons in the 
atmosphere, a by-product of such chemical activity may well be the formation of 
various chemical compounds, including diepoxides from unsaturated hydrocarbons 
in gasoline in smog. These, in turn, may be carcinogenic, and the need for their 
study to assess their role in the etiology of lung cancer is indicated. 


SUMMARY 


AND CONCLUSIONS 


Gasoline-engine exhaust products have been analyzed, and carcinogenic hydro- 
carbons have been demonstrated as being among the emission products. Their 
production under varying conditions of engine operation has been determined, and 
extrapolation to city traffic conditions has been attempted. 

Senzene extracts of the particulate phase of the exhaust products have been 
successfully used in painting experiments to produce skin papillomas and skin 
cancers in C57 black mice. 

The presence of carcinogenic hydrocarbons in the atmosphere of urban areas 
indicates the need for their study to assess their possible role in the observed 
iscreasing frequency of human lung cancer. The parallel between this increase and 
the urbanization and industrialization of our society is positive. The introduction 
of the gasoline engine as the most prominent source of motive power is one of the 
chief characteristics of this industrialization, and, in consequence, petroleum com- 
bustion and oxidation products have become one of the main air-pollutant materials. 
The experimental carcinogenicity of certain of these products has been established, 
and suspicion must be directed to them in relation to the lung cancer increase. 


The Los Angeles County Air Pollution Control District assisted with both personnel and 
equipment during this study. 
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Abstracts from Current Literature 


Industrial Toxicology 


ANIMAL EXPERIMENTS ON,THE ACTION OF GRAPHITE AND OTHER MODIFICATIONS OF 
Carpon: A TO EXPERIMENTAL Siticosis. P. Borvt, Schweiz. Ztschr. 
Path. u. Bakt. 15:548, 1952. 


The paper describes the effects of intraperitoneal injection of graphite, carborundum, 
diamond, and bituminous coal into mice and of intratracheal injection of graphite into the lungs 
of rats. 

Most of the materials were used in two size groups, below 3 # and of the order of 10 » in 
diameter, and for every injection 5 to 10 mg. of dust suspended in 0.5 ml. of water was used. 

It was found that all these materials produced nodules, which after various periods of time 
(observations up to one year) became collagenized. The type of reaction was somewhat similar 
to that produced by quartz, but the following differences were noted. The reaction took a 
longer time to develop with graphite than with quartz. Graphite nodules occurred only if the 
accumulation of dust at one place was considerable. Small dust collections did not give rise to 
fibrous nodules. The nodules were only rarely concentric and whorled. Diamond and carbo- 
rundum acted about as strongly as graphite, but the coal reacted less and even after a year there 
was very little fibrosis. Graphite injected into the lungs of rats also produced a little collagenous 
fibrosis after 8 to 12 months. 

It is concluded that lung fibrosis similar to silicoanthracosis can be produced in man by 
graphite in the absence of quartz if the dust exposure is sufficiently long and intense. 


G. Nacevtscumipt Hye.]. 


Heattu oF WorKeERS IN BENZENE FACTORIES. 
Arbeitsschutz 3:43-47 (March) 1953. 


R. Bator, Zentralbl. Arbeitsmed. u 


In Germany there appears to be imperfect realization of the industrial hazards of benzene, 
whereas in France the authorities fully realize these dangers. There is much reference in the 
literature of other countries and but little in German writings to what the French entitle 
prébenzolisme. 

This paper first describes shortly the chemistry and production of benzene, toluene, and 
xylene before giving some account of benzene poisoning. Records are given of the determination 
of the amount of benzene in the air in various places in seven benzene factories in the Saar 
Investigations of 36 workers in benzene factories were made, and these included clinical 
examination, blood counts, and the Rotter test of vitamin C deficiency. The results of these 
few tests, though inconclusive, are suggestive of a continuing danger. In the air of about half 
the factories the benzene concentration was unduly high. In at least 12 of the 36 workers the 
tests (which were made only once) showed differences from an accepted normal, which may 
have been the result of benzene inhalation. 

The precautions against poisoning which should be taken are (1) technical care directed 
toward the prevention of leakage and also cleanliness in the factory and (2) medical care which 
should consist in the examination of workers before engagement and thereafter every six months 
as a routine measure. It is also propcsed that every benzene worker should be given a daily 
dose of 75 to 100 mg. of vitamin C, particularly in the winter and the spring. 


M. E. Devarietp Hye.]. 


InjuRIES TO oF Sotvent WorkKers. A, PLetscuer, F. Uesperin, and H. Bugss, 
Ztschr. Unfallmed. u. Berufskrankh. 46:39-50 (March) 1953. 


The present investigation attempts to differentiate the chronic effects of various solvents 
widely used in the chemical industry. 
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A series of 362 workers were divided into the following three groups: 
A. Those in contact with a variety of solvents, including aromatic, chlorinated, and non- 
chlorinated hydrocarbons, alcohols, glycols, dioxane, ipichlorhydrin, and pyridine but not 
aromatic amino and nitro compounds. 

B. Those chiefly in contact with aromatic amino and nitro compounds, including aniline, 
phenylenediamine, halogenated amines, aminophenol, +nitraniline, nitrobenzene, naphthylamine, 
and benzidine. 

C. Those in contact with volatile halogen compounds and aldehydes, including chlorine, 
bromine, phosphorus oxychloride, phosphorus pentachloride, cyanogen chloride, formaldehyde, 
and acetaldehyde. 

The investigation comprised clinical examination and blood and urine examinations. Results 
showed that subjective symptoms, such as headache, giddiness, lassitude, anorexia, and digestive 
disturbance, were present in about equal proportions in Groups A and B. Group B showed a 
higher incidence of hypotonia and overweight, and Group C of chronic bronchitis. 

Blood examinations revealed no pathological variations in the blood picture in any of the 
groups. Groups A and B showed an approximately equal degree of hypoproteinemia, slight 
increase in mechanical and saponin resistance, slight decrease in osmotic resistance of erythro- 
cytes, and a slightly increased incidence of the indirect reaction for serum bilirubin. Group B 
showed a higher incidence of increased aromatic amine content of the blood. 

Urinary examination showed a higher degree of coproporphyrinuria and microhematuria 
in Group B. 

The authors conclude that (1) the increased amino content of the blood and microhematuria 
in Group B indicate the necessity for systematic cystoscopie control of workers using nitro 
and amino compounds; (2) the hypotonia and overweight in Group B may possibly be due to 
hormonal disturbance caused by long exposure to these compounds; (3) the more frequent 
occurrence of low serum protein values and the increased incidence of the indirect reaction for 
bilirubin and of urinary coproporphyrinuria are probably an indication of liver damage; (4) the 
slight variations of erythrocyte resistance are probably of no significance; (5) the subjective 
symptoms are possibly a toxic effect of the miscellaneous solvents in Group A, and (6) the 
findings indicate the necessity for systematic investigation and the institution of preventive 
measures, including good working conditions, cystoscopic examination of amino workers, and 
exclusion of affected workers from the toxic environment 


In the absence of any estimation of the probable atmospheric concentrations of such a large 
number of miscellaneous solvents and of differentiation of exposure to the individual members, 
it is difficult to justify the conclusion that the objective findings are exclusively due to any 
of them. 


ADAPTED FROM BULL. Hye. 


Environmental Conditions 


MasKING INpUsTRIAL MALopors. BrecCKINRIDGE K. Tremaine, Air Repair 3:59 (Nov.) 
1953. 


The problem of industrial malodors has become increasingly important over the past 50 years. 
The usual methods of odor abatement cannot always be effectively applied, because they may be 


limited in scope or require extensive installations. The author presents a new approach to the 
problem, referred to as odor masking, by using a chemical with a pleasing odor to overshadow 
the less desirable one. A method to evaluate intensity of odor and a mask ratio, which is the 
amount of odor being masked to the amount of masking odor, are discussed. Methods of 
application and low cost by using knowledge of meteorological conditions are described in 
detail. 


I. L. Beaucnamp, Boston. 


Curonic Broncuitis: AN INTRODUCTORY EXAMINATION OF EXISTING Data. 


N. GOODMAN, 
R. E. Lane, and S. B. Rampwine, Brit. M. J. 2:237, 1953. 


In this paper Professor Lane and his colleagues examine the mortality and morbidity data 
for chronic bronchitis and related diseases. The authors discuss the effect of sex and age, social 


class, region, occupation, degree of urbanization, and atmospheric pollution. The authors find 
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that the male mortality rate from chronic bronchitis is more than four times the female rate 
in the age range of 45 to 64 and drops to almost three times in the 65 to 74 age range. The 
reasons for this excess are not clear. Social and economic factors are important, and it is 
clear that occupation is most important, since men engaged in dusty occupations have mortality 
rates up to almost double the mean for their social class. Though it is difficult to separate 
the socioeconomic factors from those due to urbanization and location, it seems more than 
likely from the data here that atmospheric pollution tends to aggravate chronic bronchitis. 
The male bronchitis mortality rates (per 10,000) in 1950 were as follows: England and Wales, 
10.8; all conurbations, 13.7; Tyneside, 18.8; Manchester and district, 20.8; urban areas with 
population under 50,000, 9.5, and rural areas, 5.5. 


Peter C. G. Isaac, Newcastle upon Tyne. 


Determination of Air-Borne Contaminants 
EvectricaL Resistivity or Fry H. J. Waite, Air Repair 3:79-87 (Nov.) 1953. 


This article is a discussion of the electrical properties of fly ash and other industrial dusts. 
It describes electrical resistivity and its effect on dust collection by electrostatic precipitation. 
Included is a discussion of instruments and procedures used to determine electrical resistivity 
and the conditioning effect of impurities present either as natural impurities or as artificial 
additives. Of several conditioning agents tested, sulfuric acid reduced the resistivity of industrial 


dust most effectively. I. L. Beaucnamp, Boston 


DIFFERENTIAL THERMAL ANALYSIS FOR DETERMINATION OF QUARTz IN Dusts. J. A. 
ScHEDLING, Staub 30: 243-244 (Dec. 15) 1952. 


This is a brief note on differential thermal analysis for quantitative quartz determination. 
The author uses a steel sample block and a vertical muffle which can be lowered over the block. 
Calibrations were made with calcined alumina. A number of talc samples had to be measured 
which seemed to contain only about 1 or 2% of quartz. These were measured against quartz- 
free talc, and similar amounts of quartz were then added to the sample to be measured. In 
this way it was confirmed that reasonable results had been obtained previously, and quantitative 
determinations down to 0.5% of quartz are said to be possible. 


G. Nacevtscumipt Hye.]. 


DETERMINATION OF QUARTZ IN DustTs FROM GRINDING Dusts BY DIFFERENTIAL THERMAL 
Anatysis. J. A. ScHEDLING and JOHANNA B. Wein, Staub 34:13-18 (March 15) 1953. 


The paper gives results of quartz determinations by differential thermal analysis for the dust 
from synthetic grinding plates made of ceramically bound corundum. It was found that the raw 
materials, corundum, silicon carbide, and titania, did not show any thermal effects in the region 
of 575 C. but that the feldspar, clay, kaolinite, and iron oxide used in manufacture contained 
between 4 and 38% of quartz. Results for a number of disks and bonding mixtures are given. 
Quartz percentages above 5% are assessed directly; for smaller percentages an extrapolation 
technique is used. First, the material is tested alone, and afterwards known small increments 
of quartz are added to the sample, giving a series of larger and larger thermal effects. The 


smallest amount of quartz thus measured was 0.3%. G. Nacetscumipt Hye]. 


Ventilating, Air Conditioning, and Engineering Control 


CooLtinG PLANTS FOR UNDERGROUND WoRKINGS IN BELGIUM. ANDRE HOUBERECHTS, 
J. Chem. Met. & Min. Soc. S. Africa 54:1 (July) 1953. 


As working levels in coal mines descend to greater depths, environmental conditions become 
progressively worse. The climate at the working face is governed by such factors as the inlet 
ventilation air temperature and humidity, the air mass supplied, and the surface of new rock 
and coal exposed per hour. A graph is presented correlating these three variables. 
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Environmental conditions can be improved by increasing the ventilation air flow or by 
reducing the air temperature at the point where it enters the face. Although the latter is a 
complicated and expensive solution, the author discusses three methods of accomplishing this 


and describes two cooling plants in operation in Belgium. am 
de & I Puitie LATorReE, Boston. 


Some STATISTICAL 


INFORMATION Aspout THE VENTILATION OF SoutH AFRICAN GOLD 
Mines. M. Barcza, Mine Vent. Soc. S. Africa Month. Bull. 6:4 (Sept.) 1953. 


This article is an address to the Mine Ventilation Society of South Africa by its president, 
Mr. Bareza. In his address, Mr. Bareza has summarized a large volume of information 
gathered for him by members of the Society pertaining to the ventilation of South African gold 
mines. In the form of tables he presents the following: (1) rock temperatures at various 
mine depths; (2) types, capacities, and number of fans in use; (3) characteristics of the fans 
and their locations; (4) ventilation of development ends; (5) ventilation piping; (6) types and 
use of several dust-filtering media, and (7) professional qualifications of ventilation officials. 

A summary of air volumes, dust sampling, power consumption, and personnel is included in 
this report. 


A discussion of the address by a number of ventilation officials is given in the article. 
I. L. Beaucuamp, Boston. 


VENTILATION OF Coat MINES IN GREAT BRITAIN 
S. Africa Month. Bull. 6:11 (Nov.) 1953. 


Joun G. Bromitow, Mine Vent. Soe. 


The author reviews some of the recent advances in mine ventilation in Great Britain. 
New or reconstructed mines are being designed for increased output, especially in deep and 
gassy seams. Mining engineers, specialists in ventilation, are in production departments to 
accelerate progress in the technique and practice of mine ventilation 


The ventilation engineer's sequence of planning the equipment for long-term development 
of a new mine is described. His duties in the administrative “area” are also described. 

The sequence of events to the development of the N. C. B. (National Coal Board) Ventilation 
Network Computer for analysis of complex mine networks is presented. It depends on an 
electrical analogue and computation with the use of progressive approximations. The computer 
is not limited to problems involving square law flow. It is designed so that provisions 
can be made for any number of fans, either on the surface or underground, for natural ventila- 
tion in the system, and for compressed air discharge. 


A comparative performance of a typical mine axial-flow fan and a typical mine radial-flow 
fan is given. 

“Leakage Coefficient” and “Correction Factor” are defined for underground ducts, and 
“Leakage Coefficients” of various duct seams are given. N. C. B. 
for Steel Air Pipes are also included. 


Standard Specifications 


Joun Brower, Boston. 


Cyclone CLEANING OF CHIMNEY WaAsTE GASES. 


1952. 


M. JarmMuske, Staub 30:211-220 (Dec. 15) 


The paper discusses performance and testing of cyclones used for cleaning air from industrial 
chimneys. Feifel’s theory of vortex decay is used, and his proposal to employ small test 


cyclones is recommended. Some examples of their usefulness in comparison with conventional 
methods of measuring the performance of cyclone dedusting are given. 


G. NaGectscumipt Hye.]. 
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News and Comment 


TRUDEAU-SARANAC INSTITUTE 


Dr. Gerrit Willem Hendrik Schepers of Johannesburg, South Africa, has been named 
Director of the Saranac Laboratory of the Trudeau-Saranac Institute, Trudeau, N. Y. He is 
expected to assume his new duties in the late spring. 

The Saranac Laboratory was established in 1894, as part of Trudeau Sanatorium, for 
research in pulmonary tuberculosis. Later its activities were broadened to include research on 
other chronic pulmonary diseases, particularly those of industrial origin. During 1953 the 
activities of the Saranac Laboratory, The Trudeau Foundation (a fund established to assist 
in carrying out the research program of the Trudeau organization), and the Trudeau Sanatorium 
(the parent corporate body) were merged under one administrative organization, Trudeau- 
Saranac Institute. Dr. Gordon M. Meade, formerly Medical Director of the Sanatorium, 
was appointed Executive Director. 

Under Dr. Schepers’ direction it is expected that the work of the Saranac Laboratory con- 
ducted by previous directors, Drs. Edward R. Baldwin, Leroy U. Gardner, and Arthur J 
Vorwald, will be continued and expanded. 


NOTICES 


Methods of raising the occupational health standards will hold the spotlight when members 
of the American Industrial Hygiene Association gather for the 1954 Industrial Health Con- 
ference, April 26 to 30, at the Hotel Sherman in Chicago. 

The five-day meeting will be filled with stimulating seminars, speeches, demonstrations, and 
panel discussions which will cover more than 90 topics of prime interest to industrial manage- 
ment and medical personnel. 

Theme of the conference will be “Protecting Our Greatest Industrial Wealth—Employees’ 
Health.” The nation’s leading hygienists—authorities on occupational health—will shed new 
light on subjects ranging from industrial safety to air pollution and occupational diseases. 
They will discuss enlightened business management and its new alertness to the importance of 
industrial hygiene, with its broader concept of employee health. 

Hygienists will air their problems, share the solutions, and exchange new ideas during the 
informal discussions. 

Commercial and scientific exhibits will further point up methods of improving industrial 
health and reducing its hazards. 


The meeting of the American Industrial Hygiene Association will be held simultaneously 
with conventions of the American Conference of Governmental Industrial Hygienists, the 
Industrial Medical Association, the American Association of Industrial Nurses, 
American Association of Industrial Dentists. Several thousand are expected to attend this 
1954 Industrial Health Conference. 


and the 
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— Solution of UNDECYLENIC ACID 
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For a Better Understanding of 
Nervous and Mental Diseases 


A. M. A. Archives of NEUROLOGY and number of brief digests from current 
PSYCHIATRY gives practical assistance medical literature which present signifi- 
to those readers who would keep well 
informed about the rapid) progress in 
these fields. It presents original articles, 
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The M°S-A 
DUST-VUE 
MICROPROJECTOR 


Dust Goes Down 
For the Count 


To get the story contained in concentrations more accurately, because the microprojection 
of impinger and precipitator dust samples, method permits more concentrated samples to 
the M.S.A. Microprojector shows an en- be counted without secondary dilution. The 
larged image of the microscope’s field on a Microprojector can be used with any stand- 
ruled, translucent screen. The method pro- ard laboratory monocular microscope. 

duces a magnification of dust particles of This instrument is portable, designed for 
1000 diameters which enables easy counting rapid assembly and disassembly. Its versa- 
and particle-size determination without eye tility features make it ideal for field as well as ° 
strain. You get the story on dust particles faster, laboratory use. Write for details. 
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At Your Service: 76 Branch Offices in the United States 


MINE SAFETY APPLIANCES CO. OF CANADA, LTD. 
Toronto, Montreal, Calgary, Edmonton, Winnipeg, Vancouver, 


New Glasgow, N.S. ¢ Representatives in Principal Cities 
Call the M.S.A. man on your every safety problem in Mexico, Central and South America 


. « « his job is to help you Cable Address: “MINSAF” Pittsburgh 
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